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\\  Introduction 

1 

The  primary  purpose  of  Phase  II  of  Research  and  Development 
Contract  No.  N00024>72>C-S500  was  to  prepare  detailed  preliminary 
design  drawings  based  on  the  concepts  developed  and  approved  in 
Phase  I.  Phase  II  also  required  the  preparation  and  submittal  of:  ) 

a Final  Reliability  Program, > 

--7a  Final  Maintainability  Progrmj:) 

•V  a Failure  Modes  and  Effects  Selection  Criteria  Report,) 

— va  Final  Failure  Modes  and  Effects  Analysis,  > 

—V detailed  design  calculations 

••N various  Engineering  Studies  and  Investigations. 

Drawings,  programs,  plans,  studies,  investigations  and  reports 
have  been  completed  and  submtted  fulfilling  all  requirements  of 
Phase  II. 
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Distribution 


Copies  of  this  Final  Report  for  Riase  II  of  R & D Contract 
No.  N00024-72-C-5500  were  distributed  by  Komylak  Corporation 
as  follows: 


Distributed  to:  Date  Copies  Reorodueibles 

Director  May,  1977  20  0 

Defense  Docxmentation  Center 

Cameron  Station 

Alexandria,  Virginia  22314 

Attti:  Code  SL4200 


Commander  May,  1977  6 0 

Naval  Ship  Engineering  Center 
Department  of  the  Navy 
Code  6164D 

Washington,  0.  C.  20362 
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The  following  pages  comprize  a chronological  listing  of  all 
significant  transmittals  made  by  the  Komylak  Corporation  from 
the  start  of  Thase  II  through  May  12 > 1977.  Opposite  the  "Descrip- 
tion" of  the  transmittal  are  columns  listing  the  "date  of  report", 
"date  of  transmittal",  I to  whom  the  transmittal  was  sent  and  appro- 
priate remarks. 
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Section  IV 

Reliability  and  Maintainability 
Program  Plan,  Final 

A.  Reliability  Program  Plan 

The  folloiring  pages  describe  the  Reliability  Program  Plan  for 
the  high-reliabiiity  vertical  package  conyeyor  developed  for  this 
contract.  Goals  are:  0.95  criteria  for  successful  system  mission; 

20,000  hours  average  life  under  user  conditions;  minimuzed  redun- 
dancy. The  Failure  Modes  and  Effects  Analysis  requred  by  the 
Reliability  Program  Plan  has  been  completed  and  submitted  to  Naval 
Ship  Engineering  Center  on  March  23,  1976  ( see  Item  8 of  Section 
I of  this  Final  Report). 

B.  Maintainability  Program  Plan 

The  pages  immediately  following  the  Reliability  Program  Plan 
outlined  in  Section  A above,  describe  the  Maintainability  Plan  for 
the  high-reliability  conveyor.  Both  the  Reliability  and  Maintain- 
ability Program  Plans  were  completed  and  submitted  to  Naval  Ship 
Engineering  Center  as  a "task  element"  of  Phase  II  on  February  A, 
1975  (see  Item  1 of  Section  I of  this  Final  Report). 
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FOREWORD 

The  Vertical  Package  Conveyor  Reliability  Program  Plan  describes 
the  reliability  work  to  be  accomplished  during  Phase  II  • Detailed 
Design  & Development,  and  Phase  III  Prototype  Build  Program,  how  they 
will  be  accomplished,  responsibilities,  and  scheduling*  Reference  and 
support  information  is  included  in  the  appendices. 

Requirements  of  MIL-STD-785  and  Contract  N00024-72-C-5500  are 
implemented  as  specified  herein  to  provide  for  the  most  economical 
implementation  of  work  tasks.  This  program  assures  that  the  reliability 
requirements  are  determined  and  satisfied  throughout  all  phases  of 
contract  performance*  It  is  planned  to  substitute  MIL>I>45208 
Inspection  System  Requirements  in  place  of  MIL-Q-9858  Quality  Control 
Requirement* 
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Section  1 
INTRODUCTION 

1.1  PURPOSE 

The  Reliability  Program  Plan  for  the  Vertical  Package  Conveyor  (VPC) 
has  been  prepared  and  submitted  in  accordance  with  the  Contract  Data 
Requirements  Listy  Sequence  Number  BOOlAA.  This  document  is  the  master 
plan  for  implementing  the  Komylak  Corporation  (KC)  reliability  program. 

1.2  SCOPE 

The  Reliability  Program  Plan  details  the  approach,  procedures, 
schedules  and  management  control  that  KC  will  use  to  achieve  VPC  reliability 
within  requirements  of  the  contract.  This  plan  defines  an  organized 
approach  to  reliability  which  encompasses  the  total  range  of  reliability 
effort  from  the  initial  conceptual  phase  and  throughout  the  design, 
fabrication,  assembly,  and  test  of  the  VPC.  The  reliability  program  is 
based  on  the  required  elements  of  Contract  N00024-72-C-5500  and  Military 
Standard,  Reliability  Program  for  Systems  and  Equipment  Development  and 
Production,  MIL-STD-785-A. 

1.3  OBJECTIVES 

A reliability  program  will  be  implemented  at  KC  to  assure  that 
reliability  requirements  affecting  VPC  performance  and  operating  success 
are  identified  and  satisfied  throughout  all  phases  of  the  VPC  contract. 
Maximum  program  effectiveness  will  be  provided  by  interfacing  with  design 
personnel  during  the  Initial  phases  of  the  work  and  continuing  throughout 
the  fabrication  and  testing  phases.  Specific  actions  will  be  taken  and 
controls  Instituted  to  meet  reliability  program  goals  as  described  in  this 
plan. 

1.3.1  RELIABILITY  PROGRAM  GOALS 

The  system  mission  or  criteria  for  success  is  0.95.  Operational 
success  is  defined  as  the  probability  of  successful  operation  of  the 
VPC  during  typical  ship  use  conditions.  As  a design  objective  KC  shall 
attempt  to  minimize  the  occurrence  of  hardward  failures  and  to  prevent 
failures  from  occurring  by  prescribing  preventative  maintenance  routines. 

Ip  addition,  KC  shall  strive  to  eliminate  or  minimize  all  single  failure 
points. 
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1.3.2 


LIFE 


The  VFC  shall  be  designed  to  have  an  average  life  of  20*000 
hours  under  user  conditions. 

1.3.3  DESIGN  PHILOSOPHY 

The  design  shall  utilize*  as  far  as  practical*  fully  developed 
and  proven  parts  and  components.  All  equipment  shall  be  designed  for 
worst-case  environmental  and  component  tolerance  parameters.  Operational 
system  success  shall  be  the  prime  consideration  and  particular  emphasis 
shall  be  placed  on  high  availability  rate  and  ease  for  performing  main- 
tenance functions*  The  mean  time  between  failures  (MTBF)  will  be 
considered  during  Phase  II  Engineering  Studies*  and  Phase  III  Testing. 

1.3.4  REDUNDANCY  REQUIREMENTS 

Redundancy  shall  be  employed  to  the  lowest  practical  level 
consistent  with  meeting  reliability  goals.  The  type  redundancy  to  be 
utilized  shall  be  selected  after  a full-failure  mode  analysis  has  been 
performed  to  determine  the  possible  and  most  probable  failure  modes. 

The  application  of  redundancy  techniques  shall  not  be  used  as  justi- 
fication for  poor  design  practices  or  the  use  of  equipment  of  marginal 
reliability* 
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Section  2 

RELIABILITY  PROGRAM  MANAGEMENT  An'D  CONTROL 

2.1  GENERAL 

This  section  describes  the  organization,  responsibilities, 
program  planning  and  control,  and  documentation  that  will  be  used  to 
manage  and  control  the  reliability  program. 

In  establishing  and  providing  for  a realistic  and  workable 
program  management  and  control  plan,  the  following  was  considered. 


. Task  Responsibility  - Each  reliability  task  is 
identified  with  an  organization  responsible  for 
Its  completion* 

. Scheduling  - Each  task  is  scheduled* 

♦ Reporting  - Program  progress  and  status  of 

accomplishment  is  reported  on  a continuing  basis* 

. Monitoring  - The  program  is  monitored  and  a record 
kept  of  all  changes  so  that  continuity  to  the  plan 
is  maintained* 

2.2  ORGAN IZATICN 

Functional  responsibility  for  the  reliability  program  lies  within 
the  Engineering  Branch.  Work  tasks  will  be  performed  by  personnel  skilled 
in  the  reliability  disciplines  and  familiar  with  the  activities. 

Figure  2-1  shows  the  responsibilities  and  tasks  assignments  by 
organization*  The  tasks  were  iustracted  from  the  work  statement  requirements. 

2.3  PROGRAM  PLAN 

The  Program  Plan  was  prepared  in  compliance  with  the  VPC  Program. 
This  plan  constitutes  the  scope  of  work  of  the  reliability  program. 
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RELIABILITY  ENGINEER 


Figure  2-1  Organizationeil  Task  Responsibility  Chart 
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2.4  PROGRAM  REVISION 

Any  change  in  the  scope  of  work  will  be  documented  in  subsequent 
revisions  and  in  accordance  with  General  Provisions:  Changes,  of  the  contract. 

2.5  PROGRAM  CONTROL 

Program  management  and  control  is  provided  on  a continuing  basis  by 
supervision  and  management  personnel.  This  activity  is  exemplified  by  ad- 
herence to  scheduled  milestones  and  status  reporting. 

2.5.1  PROGRAM  SCHEDULE 

The  functional  areas  of  the  reliability  program  and  the  schedule  of 
important  milestones  are  identified  in  Figure  2-2.  Milestone  dates  are  in 
agreement  with  the  overall  program  plans.  Management  controls  will  be  malntt'.ned 
in  order  to  meet  task  milestones  in  a timely  and  effective  manner. 

2.5.2  PROGRAM  EVALUATION  AND  REVIEW 

The  reliability  program  of  KC  is  subject  to  evaluation,  review, 
and  Inspection  by  customer  designated  representatives.  Customer  - contractor 
program  milestone  review  points  are  identified  on  the  schedule  of  Figure  2-2 
for  Phase  I,  II  and  III. 

2.6  DOCUMENTATION 

The  reliability  program  is  documented  by  the  following  reports. 

Figure  2-3  lists  the  documents  and  the  contractor  Data  Requirement  List 
Sequence  Number. 

2.6.1  PROGRAM  PLAN 

This  Preliminary  Program  Plan  is  submitted  as  required  by  contract. 

The  final  Program  Plan  for  Phase  II  and  III  will  be  submitted  45  days  after 
Phase  II  work  commences. 

2.6.2  PROGRESS  REPORTS 

A reliability  progress  report  is  submitted  as  a part  of  the  Progress 
Report  and  includes  all  accomplishments  for  the  preceding  quarter. 

2.6.3  MILESTONE/COST  REPORTS 

Inputs  will  be  furnished  to  the  monthly  milestone/cost  reports. 
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2.6.4  FINAL  REPORT 

Inputs  to  the  Final  Report  will  be  provided  at  the  completion 
of  Phase  I,  II  and  III. 

2.6.5  DESIGN  REVIEW  MINUTES 

Minutes  of  each  design  review  will  be  prepared  and  submitted 
15  days  after  each  formal  design  review  is  completed. 

2.6.6  FMEA  REPORT 

A preliminary  and  final  FMEA  Report  will  be  furnished.  This 

report  identifies  possible  modes  of  failure,  effect  of  the  failure  on  system 
capability,  and  the  criticality  of  the  failure  to  system  success. 

2.6.7  DEMONSTRATION  TEST  PLAN 

A Reliability  Demonstration  Test  Plan  will  be  submitted  prior 
to  the  scheduled  start  of  testing. 
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Section  3 


TASK  PLAN 


3.1  GENERAL 

Section  3 describes  the  tasks,  their  objectives,  schedules, 
and  methods  of  implementation.  Figure  2-1  shows  the  overall  reliability 
program  by  tasks,  grouped  in  their  corresponding  categories. 

3.2  RELIABILITY  ANALYSIS 

To  satisfy  the  Reliability  Program  Goals,  Kornylak  Corporation 
will  perform  reliability  analysis  on  critical  components  and  parts  based 
on  the  methods  described  in  MIL-STD-785  Military  Standard  Reliability  Program 
for  systems  and  Equipment  Development  and  Production.  The  purpose  of  these 
analysis  is  to  systematically  evaluate  key  elements  of  the  system  to  insure 
that  potentially  unreliable  hardward  and  critical  failure  modes  are  detected 
and  corrected  prior  to  the  final  design.  The  analysis  will  include  a review 
of  all  critical  part  and  component  applications,  system  redundancy  require- 
ments, environmental  profiles,  and  performance  tolerances  to  identify 
reliability  stress  levels  and  opportunities  for  reliability  trade-offs. 

The  major  effort  of  this  will  include  inputs  to  the  parts  appli- 
cation and  design  review  tasks.  Work  effort  continuity  will  be  maintained 
throughout  the  program  to  assess  the  impact  on  system  reliability  which 
could  influence  VPC  performance.  This  will  be  done  by  updating  the  reliability 
analysis  as  data  becomes  available  from  developmental  testing  and  failure 
analysis  results. 

3.2.1  ALLCXJATION 

Reliability  objectives  will  be  allocated  to  the  part  level  based 
on  the  methods  described  in  M1L-STD-756A  Military  Standard  Reliability 
Prediction.  Allocated  goals  on  critical  hardward  will  be  identified  for 
implementation  in  specifications,  procurement  recommendations  and  design 
reviews. 


3.2.2  PREDICTION 

An  analysis  of  all  critical  parts  during  Phase  II  will  be  per- 
formed to  determine  their  probable  failure  modes  and  failure  rates.  This 
analysis  is  accomplished  in  part  by  preparation  of  component  application 
sheets  which  define  the  component  reliability  design  requirements.  All 
applicable  information  Including  specifications,  system  applications, 
design  characteristics,  vendor  data  and  test  reports  are  analyzed  and  used. 
This  information  is  prepared  for  selected  components  and  the  results 
documented. 


A continuing  review  of  all  test  and  failure  reports  is  to  be 
maintained  and  the  component  reliability  analysis  is  updated  as  new 
information  becomes  available.  The  results  derived  from  this  task  will  be 
utilized  in  making  VPC  reliability  estimates. 


A reliability  prototype  of  the  VPC  will  be  prepared  to  show  the 
functional  relationships  that  are  necessary  for  successful  VPC  operation.  A 
prediction  of  the  reliability  for  VPC  will  be  made  for  the  hardware  confi- 
guration of  Phase  III* 

3.3  PARTS  APPLICATION 

The  design  of  the  VPC  will  utilize  proven  parts  and  components  as 
far  as  practical.  Action  will  be  taken  during  the  design  reviews  to  maximize 
the  use  of  parts  and  components  which  have  design  factors  to  meet  the 
performance,  reliability  and  quality  requirements  as  specified  in  the 
Contract  and/or  its  specification. 

Reliability  personnel  will  work  closely  with  the  design  engineer 
in  order  to  implement  reliability  requirements.  Feedback  of  information 
from  previous  experience  with  similar  or  related  designs  will  be  inputed 
into  system  development.  The  design  will  include  application  of  preferred 
parts  to  the  greatest  extent  possible.  It  shall  be  an  objective  during 
the  design  review  to  eliminate  from  the  design  parts  known  to  be  inadequate. 

3.2.2  VENDOR  CONTROL 

Vendors  if  required  will  be  chosen  that  have  a proven  record  of 
reliability  accomplishment.  This  will  be  determined  based  on  the  ability  of 
the  vendor  to  meet  qualification,  reliability  and  maintainability  standards 
for  military  operations.  Vendor  surveys  will  be  performed  whenever  products 
do  not  meet  specification  requirements  or  whenever  functional  failures  are 
experienced.  Vendor  purchase  orders  for  components  will  contain  quantitative 
requirements  for  Repair  and  Maintenance  as  necessary  to  satisfy  overall 
contract  requirements. 

3.4  FAILURE  MODE,  EFFECT  ANALYSIS 

A Failure  Mode,  Effect  Analysis  (FMEA)  shall  be  performed  as  an 
integral  part  of  the  design  process.  This  will  provide  a study  of  the  system 
to  determine  possible  modes  of  failure  and  their  effects  on  system  success. 

A list  of  critical  items  will  also  be  furnished. 

3.4.1  ANALYSIS  REQUIREMENTS 

A failure  mode  effect  analysis  will  be  performed  to  determine 
modes  of  system  failure  and  the  effect  of  each  failure  on  operational 
capability.  The  FMEA  report  will  be  made  starting  at  the  system  or  function 
level  and  expanding  downward  to  the  part  level  in  order  to  identify  critical 
functions*  Each  potential  failure  will  be  considered  in  the  light  of  pro- 
bability of  occurrence  and  be  categorized  as  to  the  probable  effect  on  system 
operating  success  and  personnel  safety.  The  final  FMEA  will  be  completed 
and  delivered  at  the  time  the  design  for  Phase  III  is  finalized. 

3.4.2  APPLICATION 

The  Reliability  Engineer  will  utilize  FMEA  data  as  an  input  for 
reliability  prediction  and  safety  analysis.  An  impoi :ant  objective  is  to 
discover  critical  failure  areas  and  to  identify  means  of  removing  the  failure 
susceptibility  from  the  system.  Reliability  studies,  as  described  in 
Section  3.2,  will  utilize  FMEA  data  to  aid  the  VPC  design.  Use  of  the  FMEA 
will  also  be  made  to  provide  an  input  to  the  maintainability  task  and  as  a 
major  consideration  in  design  reviews. 
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3.5  DESIGN  REVIEW 

Engineering  design  reviews  evaluate  the  design  and  ability  of 
parts,  components,  and  systems  to  perform  their  intended  function.  Both 
formal  and  informal  design  reviews  will  be  conducted. 

3.5.1  FORMAL  REVIEW 

Formal  design  reviews  will  be  conducted  at  which  time  the  designs 
and  drawings  will  be  reviewed  and  analyzed  in  detail  to  determine  equipment 
deficiencies.  Improvements  to  the  design  and  operation  will  be  identified 
that  will  increase  system  reliability,  maintainability  and  safety. 

A preliminary  design  review  will  be  held  prior  to  initial  design 
release.  Formal  design  reviews  will  be  held  for  the  Phase  II,  III  and  Phase  IV 
configuration. 

The  following  check  lists  are  used  in  design  review  meetings  to 
Insure  that  all  potential  causes  of  failures  or  problems  are  considered: 
a)  Functional-Mechanical,  b)  Functional-Electrical,  c)  Environment, 
d)  Component  Requirements,  e)  System  Requirements,  f)  Reliability,  g)  Testing, 
and  h)  Human  Factors/Maintainability  Design  Review.  The  Reliability  Check 
List  is  shown  in  Appendix  I. 

3.5.2  INFORMAL  CONTINUING  REVIEW 

Informal  continuing  reviews  in  the  form  of  reliability  analysis 
is  maintained  as  a part  of  the  reliability  program,  as  previously  described 
in  Section  3.2.  This  work  arrangement  assures  that  the  best  features  for 
inherently  reliable  designs  are  provided  to  the  designers  at  the  earliest 
possible  date.  This  will  help  to  insure  that  many  reliability  principles 
are  incorporated  into  the  design  prior  to  the  formal  review. 

3.5.3  ENGINEERING  DESIGN  CHANGES 

Engineering  design  changes,  after  initial  release,  will  be  reviewed 
to  determine  their  effect  on  system  success,  availability  and  safety.  As  part 
of  the  overall  change  activity,  any  design  change  which  adds,  deletes,  or 
changes  the  operation  of  a functional  component  shall  be  documented  as  part 
of  the  engineering  design  change  system  and  consideration  given  to  its  effect. 

3.6  RELIABILITY  DEMONSTRATICW 

A reliability  demonstration  test  plan  will  be  prepared  during 
Phase  III  for  use  in  Phase  III.  This  plan  will  contain  information  regarding 
reliabiliuy  test  procedures.  Definition  of  equipment  failure,  rules  for 
continuation  of  testing,  and  failure  analysis  and  corrective  action  guidelines 
will  be  furnished.  Reliability  demonstration  of  the  VPC  will  be  performed  by 
Komylak  Corporation  personnel. 
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3.7  COMPONENT  CONTROLS 

Controls  will  be  applied  on  the  VPC  in  order  to  provide  added 
confidence  that  components  will  perform  intended  functions.  Components 
whose  successful  performance  is  required  for  operating  success,  ease  of 
maintenance,  and  safety  will  have  been  identified  in  the  reliability 
analysis,  FMEA,  parts  application  and  design  review  tasks.  Continuity 
will  be  maintained  during  hardward  manufacture  and  assembly  to  assure 
that  reliability  and  quality  is  not  degraded. 

3.7.1  RELIABILITY  ASSURANCE 

Reliability  engineering  personnel  who  participated  in  the  initial 
phases  of  the  program  will  also  have  responsibility  to  assure  that  reliability 
is  enhanced.  This  continuity  will  provide  the  basis  for  evaluation  of  progress 
and  assurance  of  reliability.  Records  will  be  maintained  and  reviewed 
periodically  for  Impact. 

All  life  limited  components  affected  by  age  or  operational 
characteristics  will  be  identified.  Components  with  special  characteristics, 
safety  or  reliability  requirements  will  be  determined  and  these  requirements 
will  be  included  in  the  applicable  specification.  Components  with  repetitive 
quality,  test  or  failure  history  will  be  monitored  and  corrective  measures 
will  be  implemented  to  reduce  the  incidence  of  recurring  problems. 

3.8  DATA  COLLECTICKT,  ANALYSIS  AND  CORRECTIVE  ACTION 

Failure  analysis  will  be  performed  and  corrective  action  taken  on 
all  functional  failures.  Daca  will  be  acquired  to  insure  effective  monitoring, 
information  feedback  and  timely  resolution  of  all  problems  encountered  during 
the  activities  under  this  contract.  Failures  on  critical  components  shall  be 
assessed  for  potential  impact  on  the  systeta  hardware  and  operational 
objectives. 


3.8.1  FAILURE  DOCUMENTATICW 

Failures  and  discrepancies  are  reported  on  Incoming  Material, 
Inspection  Sheets,  Defective  Material  Notices  and  Interim  Report-Test  Problem/ 
Malfunction.  These  documents  identify  and  describe  problems  that  occur  during 
incoming  inspection,  in-plant  processing,  assembly  operations  and  testing. 

3.8.2  FAILURE  ANALYSIS  AND  CORRECTIVE  ACTION 

All  functional  failures  identified  during  production,  and  testing, 
are  closed  out  by  issuing  Functional  Failure  Close-Out  Sheets,  and  Reliability 
Engineering  Test  Close  Outs.  Status  of  all  open  functional  failures  is 
maintained  so  that  'analysis  and  corrective  action  and  recommendations  are 
made  on  a timely  basis.  Corrective  action  includes  design  improvements  and 
verification. 
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RELIABILITY  CHECK  LIST 

The  following  check  list  Is  used  to  ensure  that  as  many  potential 
failure  causes  as  possible  are  considered. 

1)  Have  corrosion- resistant  materials  or  finishes  been  provided? 

2)  Are  there  dissimilar  metals  In  contact? 

3)  Are  all  materials  satisfactory  for  the  temperature  Involved? 

4)  Is  the  possibility  of  flaking  considered? 

5)  Has  moisture  protection  been  provided  where  necessary? 

6)  Are  all  materials  fungus  resistant  or  inert? 

7)  Are  electrically  conductive  finishes  provided  where  necessary? 

8)  Have  cantilever  mountings  been  eliminated  where  possible? 

9)  Is  the  trunk  and  frames  sufficiently  designed  for  the  application? 

10)  What  are  the  location  and  load  ratings  of  mounting  points? 

11)  Where  are  the  heaviest  parts  located? 

12)  Have  the  center  of  gravity  and  acceleration  been  considered  in 
the  design. 

13)  In  the  case  of  terminal  boards,  are  the  critical  components  mounted 
at  the  edges  rather  than  In  the  center  and  are  they  properly 
supported? 

14)  Has  clearance  been  provided  with  due  consideration  for  vibration, 
shock  and  noise  stresses? 

15)  Can  electrical  Instability  be  caused  by  vibration  of  mechanical 
parts? 

16)  Are  stranded  wires  properly  received  close  to  solder  points  to 
prevent  flexlngj 

17)  Are  proper  screw  lengths  and  locking  provisions  specified? 

18)  Is  Che  design  such  that  the  components  may  be  Installed  without 
heat  or  mechanical  damage? 

19)  Is  there  adequate  accessibility  for  repair? 
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20)  Does  the  design  eliminate  the  possibility  of  inserting  the 
wrong  plug  or  module  into  a receptacle? 

21}  Have  provisions  been  made  for  properly  leading  cables  and  wiring 
around  comers  and  sharp  edges? 

22)  Are  grommets  provided  where  needed? 

23)  Is  lacing  properly  specified  and  harness  well  routed  and  properly 
clamped? 

24)  Have  cables  and  connectors  been  properly  identified? 

25)  Does  the  system  and  components  have  a design  life  expectancy 
exceeding  all  test,  checkout,  and  operational  requirements? 

26)  What  is  the  failure  history  of  the  item?  Is  this  a critical  item; 
i.e.,  would  its  failure  cause  system  failure? 

27)  What  is  the  expected  or  estimated  numerical  value  of  reliability 
of  the  Item? 

28)  If  the  Item  is  a newly  developed  design  what  are  its  critical 
weaknesses?  What  provision  has  been  made  in  the  design  so  that 
modifications  can  be  made  at  the  earliest  possible  time  if  these 
or  other  weaknesses  show  up  during  testing? 
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DEFINITI(»tS; 

COMPONENT 

FAILURE 
FAILURE  MODE 

FAILURE  RATE 

GENERIC 

FAILURE 

RATES 

MAINTAINABILITY 

MODEL 

MILESTONE 

PART 

QUALIFICATION 


DEFINITIONS  AND  ABBREVIATICWS 


A combination  of  parts*  subassemblies  or  assemblies*  usually 
self-contained*  which  performs  a distinctive  function  in  the 
operation  of  the  overall  equipment.  "A  black  box." 

The  inability  of  a system*  subsystem*  component*  or  part  to 
perform  its  Intended  function  under  defined  conditions. 

The  physical  description  of  the  manner  in  which  a failure 
occurs*  and  the  operating  conditions  of  the  equipment  at  the 
time  of  failure. 

At  any  point  in  the  life  of  material*  the  incremental  change 
in  the  number  of  failures  per  associated  incremental  changes 
in  the  measure  of  life  (cycles*  time,  miles*  event*  etc.* 
as  applicable). 


That  rate  as  defined  above  which  would  prevail  when  the 
part*  component*  or  system  is  used  at  rated  conditions  under 
ambient  laboratory  environments. 

The  quality  of  the  combined  features  of  equipment  design  and 
installation  which  facilitates  the  accomplishment  of  inspection* 
test,  checkout*  servicing*  repair*  and  overh'tul  with  a minimum 
of  time*  skill  and  resources  in  the  planned  maintenance 
environments. 

A program  which  uses  functional  logic  expressions  together 
with  babilistlc  values  to  determine  system  reliability. 

Any  significant  event  in  the  design  and  development  of  a system 
or  in  the  associated  reliability  program  which  is  used  as  a 
control  point  for  measurement  of  progress  and  effectiveness  or 
for  planning  or  re-directing  future  effort.  Reliability  program 
milestones  should  be  identified  in  the  Reliability  Program  Plan. 

One  or  more  pieces  joined  together*  and  which  are  not  normally 
subject  to  disassembly  without  destruction.  Generally  a 
constituent  of  a component. 

Determination  by  a series  of  tests  and  examination  of 
documents  and  processes  that  a part,  component,  subsystem,  or 
system  is  capable  of  meeting  performance  requirements 
prescribed  in  the  specification. 


QUALIFICATION 

DATA 

QUALIFICATION 

TEST 

REDUNDANCY 
(OF  DESIGN) 

RELIABILITY 
RELIABILITY  TEST 

SUPPLIER 

SYSTEM 


The  complete  body  of  data  obtained  in  the  qualification 
testing  of  a part,  component,  subsystem  or  system. 

A test  or  series  of  tests  conducted  to  determine  if  a 
part,  component,  sybsystem,  or  system  meets  qualification 
requirements. 

The  use  of  more  than  one  means  of  accomplishing  a given 
task  or  function  where  all  must  fail  before  there  is 
an  over>all  failure  of  the  system. 

The  probability  of  a successful  operation  of  the  device 
in  the  manner  and  under  the  conditions  of  intended 
customer  use. 

Tests  to  establish  a significant  level  of  engineering 
confidence  in  the  reliability  of  the  hardware.  These  tests 
will  be  a continuation  of  qualification  tests  to  verify  the 
life  expectancy  with  the  addition  of  overstress  tests  as 
necessary  to  determine  failure  modes  and  safety  margins. 

A contractor,  subcontractor  or  other  source  producing  or 
providing  articles  or  services  required  in  connection  with 
the  prime  contract. 

One  of  the  principal  functioning  entities  comprising  the 
project  hardware  and  related  operational  services  within  a 
project  or  flight  mission.  Ordinarily,  a system  is  the  first 
major  subdivision  of  project  work.  Similarily,  a subsystem 
may  also  be  an  organized  and  disciplined  approach  to  accomplish 
a task,  e.g«,  a failure  reporting  system. 
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FOREWORD 


The  Vertical  Package  Conveyor  Maintainability  Program  Plan 
describes  the  maintainability  work  to  be  accomplished  during  design 
development  and  prototype  phases*  The  plan  defines  and  describes 
the  tasks  of  the  maintainability  program,  how  they  will  be  accomplished, 
responsibilities;  and  scheduling* 


Requirements  of  MIL-STD-470,  Maintainability  Program  Requirements 
and  U*S*  Navy  Contract  N00024-72-C-5500  are  included  in  the  program  plan* 
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INTRODUCTION 


1.1  PURPOSE 

The  Maintainability  Program  Pl-cin  for  the  Vertical  Package  Conveyor  (VPC) 
has  been  prepared  and  submitted  in  accordance  with  the  'lontract  Data 
Requirements  List,  Sequence  Number  BOOlAA.  This  document  is  the  master 
plan  for  implementing  the  Komylak  Corporation  (KC)  maintainability  program. 

1.2  SCOPE 

The  Maintainability  Program  Plan  details  the  approach*  procedures*  schedules 
and  management  control  that  KC  will  use  to  achieve  VPC  maintainability  within 
the  requirements  of  the  contract.  This  plan  defines  an  organized  approach 
to  maintainability  which  encompasses  the  total  range  of  effort  from  the 
Initial  conceptual  phase  and  throughout  the  design*  fabrication*  assembly* 
test*  and  delivery  of  the  VPC.  The  program  is  based  on  the  required  elements 
of  Contract  N00024-72-C-5500  and  Military  Standard*  Maintainability  Program 
Requirements  MIL-STD-470. 

1.3  OBJECTIVES 

A maintainability  program  will  be  implemented  at  Kornylak  to  assure  that 
requirements  affecting  VPC  performance  and  operating  success  are  identified 
and  satisfied  throughout  the  VPC  contract.  Maximum  program  effectiveness 
will  be  provided  by  interfacing  with  design  personnel  during  the  Initial 
phases  of  the  work  and  continuing  throughout  the  fabrication  and  testing 
phases.  Specific  actions  will  be  taken  end  controls  instituted  to  meet 
program  goals  as  described  in  this  plan. 

1.3.1  MAINTAINABILITY  PROGRAM  GOALS 

The  goal  for  mean  time  to  repair  is:  No  more  than  1 of  20  simulated  preventative 

maintenance  (P.M. ) tasks  shall  exceed  2 hours*  and  no  P.M.  tasks  shall  exceed 
4 hours.  No  more  than  2 of  20  corrective  maintenance  tasks  shall  exceed  5 hours 
and  the  mean  time  to  repair  shall  not  exceed  3 hours. 

1.3.2  MAINTAINABILITY  PHILOSOPHY 

The  maintainability  philosophy  will  be  to  utilize  to  the  maximum  extent 
possible  those  design  practices  which  allow  for  ease  and  speed  of  both 
preventative  and  corrective  maintenance.  Requirements  for  special  tools  or 
test  equipment  will  be  hair,  to  a minimum.  Tasks  requiring  special  skills 
will  be  reviewed  to  determine  that  no  practical  alternative  exists. 


Section  2 

MAINTAINABILITY  PROGRAM  MANAGEMENT  AND  CONTROL 


2.1  GENERAL 

This  section  describes  the  organization,  responsibilities,  program  planning 
and  control,  and  documentation  that  will  be  used  to  manage  and  control  the 
program* 

In  establishing  and  providing  for  a realistic  and  workable  program  management 
and  control  plan,  the  following  was  considered. 

Task  Responsibility.  Each  task  is  identified  with  an 
organization  responsible  for  its  completion. 

Scheduling.  Each  task  is  scheduled. 

Reporting.  Program  progress  and  status  of  accomplishment 
is  reported  on  a continuing  basis* 

Monitoring.  The  program  is  monitored  and  a record  kept 
of  all  changes  so  that  continuity  is  maintained. 

2.2  ORGANIZATION 

Functional  responsibility  for  the  maintainability  program  lies  within  the 
Engineering  Branch.  Work  tasks  will  be  performed  by  personnel  skilled  in 
the  disciplines  and  familiar  wich  the  activities  required. 

Figure  2-1  shows  the  responsibilities  and  task  assignments  by  component 
organization.  The  tasks  were  abstracted  from  the  work  statement  requirements. 

2.3  PROGRAM  PLAN 

The  Program  Plan  was  prepared  in  compliance  with  the  VPC  Program  requirements. 
This  plan  constitutes  the  scope  of  w}rk  of  the  maintainability  program. 

2.4  PROGRAM  REVISION 

Any  change  in  the  scope  of  work  will  be  documented  lu  subsequent  revisions  of 
the  program  plan. 
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PROGRAM  CONTROL 


Program  managemenc  and  control  is  provided  on  a continuing  basis  by  supervision 
and  management  personnel.  This  activity  is  exemplified  by  adherence  to 
scheduled  milestones > and  status  reporting. 

2.5.1  PROGRAM  SCHEDULE 

The  functional  areas  of  the  program  and  the  schedule  of  important  milestones 
are  identified  in  Figure  2-2.  Milestone  dates  are  in  agreement  with  the 
overall  program  plar.s.  Management  controls  will  be  maintained  in  order  to 
meet  task  milestones  in  a timely  and  effective  manner. 

2.6  DOCUMENTATION 

The  program  is  documented  by  the  follotfing  reports.  Figure  2-3  lists  the 
documents  and  the  contractor  Data  Requirement  List  Sequence  Number. 

2.6.1  PROGRAM  PI.AN 

This  Preliminary  Program  Plan  is  submitted  as  required  by  contract.  The 
final  Program  Plan  for  Phase  II  and  III  will  be  submitted  45  days  after  Phase 
work  commences. 

2.6.2  PROGRESS  REPORTS 

A maintainability  progress  report  is  submitted  as  a part  of  the  Progress 
Report  and  Includes  all  accomplishments  for  the  preceding  quarter. 

2.6.3  FINAL  REPORT 

Inputs  ■ -)  the  Final  Report  will  be  provided  at  the  completion  of  Phase  III. 

2.6.4  DEMONSTRATION  TEST  I'LAN 

A Maintainability  Demonstration  Test  Plan  will  be  submitted  prior  to  the 
scheduled  start  of  testing. 

2.7  RELATION  TO  INTEGRATED  LOGISTICS  PLA?' 

The  Integrated  logistics  p, an  must  consider:  1)  the  maintainability  plans 

provision  for  periodic  maintenance.  2}  spares  provisioning  necessary  to  meet 
the  ^f^BF  for  specific  equipments,  and  3)  equipment  utilization  to  meet  the 
availability  requirements.  When  the  maintainability  requirements  are 
established,  the  logistics  plan  should  be  amended  to  assure  adequate  spares 
to  meet  the  requirements  of  the  overall  system. 


2-3 


MONTHS  AFrKR  PLAN  APPPOVAI. 


Figure  2-2  Mai*ntainability  Schedule 
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2.8  LIAISON  BETWEEN  MAINTAINABILITY  AND  RELIABILITY 

There  will  be  constant  interchange  of  collected  data  between  the  maintain- 
ability and  the  reliability  functions. 

2.9  PROGRAM  REVIEWS 

Informal  design  reviews  will  be  made  on  a continuing  basis  as  the  system/ 
equipment  design  evolves.  To  assure  the  incorporation  of  maintainability 
requirements « these  informal  reviews  will  includ  a current  comparison  of 
maintenance  time  predictions  with  downtime  appc  ".ionments.  The  design 
guidelines  will  be  used  as  guides  in  e\>’aluating  jesigns  for  qualitative 
maintainability  features. 

PDR's  will  be  conducted  during  the  design  phase  of  the  program  to  maintain 
close  liaison  with  program  personnel  and  to  provide  assistance  in: 

a.  Evaluating  the  relative  maintainability  merit 
of  system  configuration  being  considered. 

b.  Evaluating  the  effect  of  proposed  design  changes 
on  system  maintainability. 

2.10  SUBCONTRACTOR  RELATIONS 

Subcontractors  will  be  required  as  necessary  to  provide  maintainability  plans 
and/or  maintainability  data.  Currently,  no  equipment  subcontractors  are 
contemplated.  Hov/ever,  in  the  event  that  a subcontractor  is  chosen  to  design 
and  produce  a portion  of  the  system,  the  requirements  of  this  paragraph  and 
MIL- STD-470  will  be  imposed. 
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Figure  2-3*  Maintainability  Data 
Requirements 


Section  3 
TASK  PLAK 

3.1  GHIE3AL 

Section  3 describes  the  tasks,  their  objectives,  schedules,  and  acthods  of 
ioplenentation.  Figure  £-1  shows  the  overall  aaintainability  program  by 
tasks  groupci  in  their  corresponding  categories. 

3.2  MMOTAINABnjT?  AJIALZSIS 

In  order  to  satisfy  progrsr.  goals,  Komylak  Corporation  will  perform  analysis 
on  critical  csaponents  and  parts  during  basic  research  and  development,  to 
influence  the  design  of  the  VFC.  The  maintainability  analysis  of  the  system 
shall  identify  t!:e  maintainability  characteristics  of  the  equipment  and 
components  of  the  system  in  terms  of  their  contribution  to  the  overall' 
system  maintainability.  Factors  considered  shall  include,  but  not  be  limited 
to,  mean  time  between  failure,  mean  time  to  repair,  mean  time  for  scheduled 
maintenance,  operational  requirmnts,  skills,  special  equipoMnt.  levels 
and  location  of  facilities,  and*  mean  down  time. 

The  output  of  the  maintainabiLity  analysis  will  be  the  quantltstive  and 
qualitative  maintainability  requirement,  with  a maintenance  concept  and 
maintenance  plan. 

3.2.1  MAIUTAIirABIIITr  AILOCAKCH 

As  an  aid  to  design  and  to  achieve  required  maintainability  goals,  alloemtiaa 
of  maintainability  parameters  will  be  developed  early  in  the  program.  Tbe 
allocation  will  be  made  by  assignizig  corrective  downtime  goals  to  part  levels 
based  on  fai*  re  rates  and  preventive  maintenance  requiraments.  Itam  with  tha 
hi^ast  fraq  uncy  of  failure  or  servicing  will  be  assigned  maintenance  time 
allocations  sufficiently  low  thqt  the  required  downtime  criteria  can  be  cat. 

3.2.2  MAErrAEfASIimPREDICnCK 

The  contractor  will  provide  predictions  of  msintainsbility  parameter  values 
for  the  sjstm.  The  prediction  technique  used  will  be  as  defined  in 
MIL-HZiEK-72.  The  prediction  technique  will  estimate  the  quantitative  main- 
tainability  system  parametar  values  for  the  planned  design  eanfiguration. 

!Rie  quantitative  estimates  will  be  used  to  judge  the  adequacy  of  the  proposed 
design  to  meet  the  aaintaiaabili predicted  requiraments  and  identify  design 
features  requiring  corrective  action. 
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MAINTAINABILITr  DEMONSTRATION 


Maintainability  Demonstration  will  be  accomplished  by  the  Komylak  Corporation 
in  accordance  with  the  Maintainability  Demonstration  Plan.  This  plan  will 
be  developed  in  accordance  with  MIL-STD-471,  Military  Standard  Maintsdnability 
Demonstration. 


3.4  HOMAN  FACTORS  ENGINEERING 

The  human  factors  engineering  will  support  the  maintainability  activity. 
Principles  and  procedures  of  Human  Factors  Engineering  will  be  applied  to 
decisions  during  the  development,  manufacturing,  testing  and  operation  of 
the  system.  MIL-STD-1472  and  MIL-H-46855  will  be  the  basic  reference  docu-' 
raents.  The  approval  of  drawings  by  Engineering  will  verify  that  the  confi- 
guration and  arrangement  of  equipment  satisfy  man/equipment  performance 
requirements. 

3.5  MAINTAINABILITY  ASSURAirCE 

The  contractor  will  establish  and  periodically  up-date  detailed  maintains 
ability  criteria  determined  from  the  repetitive  system  analysis.  Appropriate 
consideration  of  maintainability  .criteria  will  be  reflected  in  design  concept 
reviews,  item  selection,  design  reviews  and  trade-offs. 

3.6  MAINTENANCE  CONCEPT  AND  PLAN 

One  output  of  the  maintainability  analysis  is  the  maintenance  concept  for  the 
Vertical  Package  Conveyor.  Areas  to  be  covered  in  the  maintenance  concept 
include  preventive  maintenance  such  as  lubrication  of  reducers,  inspection 
and  test  requirements  such  as  checking  the  torque  limiting  -device  setting, 
corrective  maintenance  concepts  such  as  the  replacement  of  relays  and 
periodic  overhaul  requirements  such  as  replacement  of  bearings. 

The  maintainability  analysis  will  develop  the  preliminary  maintenance  plan  „ 
specifying  levels  and  types  of  maintenance  required. 

3.7  MAINTADIABILITy  REPORTING 

Maintainability  and  Human  Factors  data  will  be  collected  on  the  data  form 
shown  as  Figure  3-1.  This  form  will  be  initiated. by  the  test  engineer/ 
technician  when  failures  or  unsatisfactory  conditions  occur.  Copies  of 
these  reports  will  be  used  for  Kornylak  Corporation  Maintainability  analysla. 


MAniTAIirABILITY/HUMAll  FACTORS  FAILUR2  REPORT ' 


•■  'K-*; 

f " 
• \ 


Contract  Number 
1.  Date  of  Failure 


Form  Number 


2.  Elapsed  Tine  at  Time  of  Failure 


Elapsed  Cycles  at  Time  of  Failure 


hours 

cycles 


3.  Failed  Piece  Part  of  Item  (Name  and  Identification) 
Primary  


Secondary 


4.  Cause  of  Failure  (Besigni  Woricmanship,  Human,  Unhncvn,  Wear-Cut,  Other;  Explain) 


iid.  lio.  of  previous  failures  of  same  part  in  testing  period 


First  Indication  of  Malfunction  (Did  Anyone  Observe  the  Failure?) 


h.  ;ioua  of  Operation  When  Failure  Occurred 


ict  of  Failure  on  Part 


ffect  of  Failure  on  System 


jetailec  Failure  Analysio 


iO.  Repair  Action  (or  Action  Taken  to  Correct  Deficiency)— (e.^-.  Correct,  Replace. 

Elimir^tc,  Modify,  Design,  Modify  Part,  Other;  Describe  Concisely  tne  Action  T-kori) 


Oe.ccribe  any  change  in  maintenance  requirenenta  as  result  of  repair  action 


11.  Verification  Action  Planned  to  Check  Adequacy  of  Corrective  Action 


12,  Coat  of  Repair  Parts  (or  Remedy) 


13#  Skill  Level  Required  to  Repair  Failed  Item 


Diagnostic  Tise  to  Isolate  Trouble 


hours 


* Actual  Time  to  Repair 
Man>Houra  to  Repair 


hours 


hours 


**Down  Time 


hours 


Scheduled  (Preventive)  Maintenance  Associated  with  Failed  part 


Nsae  of  Reporter 

* Actual  Time  to  Repair  is  the  length  of  time  spent  in  determining  the  prcblea  arxi 
repairing  the  machine.  ^ , 

•►*Dcwn  Time  is  the  length  of-  tine  that  the  unit  is  not  operational.  It  incluiis 
£uch  times  as  time  away  from  repair  due  to  meals,  holidays,  waiting  for  ordered 
parts  ar.d  administrative  delays. 


Pigxure  3-1 • Maintainability/Huzan  Factors  Failure 
Reporting  Form 


Maintainability  analysis  of  the  reports  will  be  performed  and  the  results  of 
the  analysis  will  be.  provided  to  design  the  Maintainability  Plan  and  prepare 
the  Maintenance  Engineering  Technical  Manuals.  Follow-up  will  be  maintained 
and  status  reported  in  the  progress  reports. 


Section  V 

Failure  Modes  and  Effects  Analysis 

A.  FMEA  Selection  and  Criteria  Report 

The  following  FMEA  Selection  and  Criteria  Report  was  prepared 
and  submitted  to  Naval  Ship  Engineering  Center  April  14,  1975  (see 
Item  2 of  Section  I of  this  Final  Report). 


B.  Failure  Modes  and  Effects  Analysis 

The  pages  Immediately  following  the  FMEA  Selection  and  Criteria 
Report  comprize  the  Failure  Modes  and  Effects  Analysis  completed  and 
submitted  by  the  Contractor  to  Naval  Ship  Engineering  Center  on  March 
23,  1976  (see  Item  8 of  Section  I of  this  Final  Report). 


FMEA  Selection  and  Criteria  Report 
UD  1423  Item  BOOlAB 


(partial  fulfillment  of  line  item  004 
re  Contract  No.  N00024-72-C-5500) 


Copies:  6 

Reproducibl es : 0 

Submitted:  Commander,  Naval  Ship 

Engineering  Center 
Center  Bldg.  Prince  Geol•6^  Center 
ilyattsvil le,  Md.  20782 
Code  6164 

Attention:  Mr.  Satterthwpi te 

cc:  Mr.  Otto 


Note;  Original  enclosed  copv  of  DD  250  should  be  signed  at 
destination  and  distribution  :nade  including  a signed 
copy  to : 

Kornylak  Corporation 

400  Heaton  Street 
Hamilton,  Ohio  45011 
Attention;  Mr.  R.A.  Larson 


Submittal  date;  10  April  1073 


F M E A 

Selection  and  Criteria  Report 
CDRL  Item  BOOIAB 
USN  Contract  N00024-72-C-5500 
April  10,  1975 


R.  A.  Larson,  General  Manager 


Kornylak  Corporation 
Hamilton,  Ohio 


FAILURE  MODES  AND  EFFECTS  ANALYSIS 
SELECTION  AND  CRITERIA  REPORT 

1.  SCOPE 

1.1  The  Failure  Modes  and  Effects  Analysis  (FMEA)  Selection  and  Criteria 

Report  contains: 

(a)  A narrative  functional  description  of  the  vt.rtical 
stores  conveyor. 

(b)  A functional  block  diagram. 

(c)  An  indentured  block  diagram  detailed  dovm  to  the 
Indentured  level  which  will  identify  replaceable 
parts  or  components. 

(d)  A list  of  the  items  recommended  for  FMEA  application. 

(e)  An  outline  of  the  depth  to  which  FMEA  will  be  applied 
within  each  assembly  and  subassembly. 

(f)  A description  of  the  type  of  failure  modes  associated 
with  each  item  selected  for  FMEA  application. 

(g)  A description  of  the  criteria  to  be  used  for 
identifying  critical  items  (MIL-STD-1629  (Ships) 
will  be  used  as  applicable). 

(h)  The  rational  for  selecting  the  items  and  associated 
failure  modes  for  FMEA* 

2.  APPLICABLE  DOCUMENTS 

2.1  To  the  extent  applicable  the  following  documents  will  be  used  to 


prepare  and  support  this  report: 


Standards ; 

MIL-STD-470  --  Maintainability  Program  Requirements 

(for  Systems  and  Equipment) 

MIL-STD-785  — Reliability  Program  for  Systems  and 

Equipment  Development  and  Production 

MIL-STD-1629  — Procedures  for  Pirforming  a Failure 
(Ships) 

Mode  and  Effect  Analysis  for  Shipboard 
Equipment 


Reports; 

"Reliability  and  Maintainability  Program  Plans  • Final" 
(prepared  by  Kornylak  Corporation  and  submitted 
January  28,  1975  under  CDRL  Item  BOOlAA  of  USN  Contract 
^W00024-72-C-5500). 

"Reliability  Studies  Including  Corrective  Action  Plan  for 
Vertical  Package  Conveyor" (prepared  by  Kornylak  Corporation 
and  submitted  August  10,  1972  under  CDRL  Item  A001AG>1 
of  USN  Contract  jW00024-72-C-5500. 

3.  EQUIPMENT  DESCRIPTION  AND  FUNCTIONAL  BLOCK  DIAGRAM 

3.1  Narrative  functional  description.  The  vertical  stores  conveyor 
is  used  to  convey  goods  and  stores  from  one  ship's  level  to  another.  The 
conveyor  is  equipped  with  vertically  moving  trays  to  carry  packages  weighing 
up  to  100  pounds  in  sizes  up  to  36  Inches  wide  by  24  inches  deep  by  36  inches 
high.  Each  load  station  is  equipped  with  platforms  that  can  be  positioned  to 
mechanically  eject  packages  at  that  load  station;  these  devices  can  also 
be  positioned  as  a load  platform  to  position  loads  for  pick-up  during  sti'iko-up 
operation.  Speed  of  operation  can  be  sc-iccted  at  8,  12  and  16  trays  per 

minute.  The  machine  is  electrically  motor-driven  through  a non-overhaul ing 
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reducer.  An  electrical  brake  is  used  to  stop  conveyor  motion.  The  conveyor 
is  controlled  thru  a series  of  push-button  stations  located  at  each  load 
station.  One  of  these  stations  is  designated  the  "master  control  station" 
and  has  the  additional  function  of  turning  power  "on"  and  selecting  conveyor 
speed.  Safety  devices  are  incorporated  to  protect  the  motor  against  overload 
and  bo  sense  incipient  package  jams  stopping  the  conveyor.  An  audio  signal 
warns  the  operator  that  the  conveyor  is  about  to  start. 


3.2  Functional  block  diagram.  The  following  block  diagram  and  block 

diagram  sub-systems  provide  the  structural  data  for  the  FMEA. 


Number 

100 

- 

Vertical  conveyor  system 

Number 

10 

- 

Drive  system 

Number 

20 

- 

Structure 

Number 

30 

- 

Operating  system 

Number 

40 

- 

Control  system 

Number 

50 

- 

Safety  devices 

Number 

60 

Load/unload  devices 

The  functional  interrelationships  between  these  devices  and 
sub-systems  is  shown  on  Figure  No.  1. 

3.2.1  Sub-System  number-10  - Drive  system 

The  drive  system  powers  the  conveyor  thru  a chain  and  sprocket  system. 
The  drive  sprocket  and  chain  are  considered  part  of  the  drive  system.  The 
rest  of  the  system  consists  of: 

Number  10.1  - Base  plate 

Number  10.2  - Motor 

Number  10.3  - Torque  limiter 

Number  10.4  - Reducer 

Number  10,5  - Brake 

Number  10.6  - Jack  shaft  coupling 
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Number  10.7 


Jack  Shaft 


Number  10,8  - Pillow  block  bearing 

Number  10.9  - Drive  sprockets  & keys 

Number  10.10  - Drive  chain 
Number  10,11  - Drive  chain  take-up 
The  drive  system  may  be  back,  left  side  or  right  side  mounted  - as 
selected  by  the  procuring  activity.  The  functional  interrelationship  between 
the  components  of  the  drive  system  is  shown  on  Figure  No.  2. 

3.2.2  Sub-System  number  20  - Structure 

The  structure  consists  of  the  conveyor  trunk  or  frame,  door  frames 
and  doors,  and  various  internal  shields.  The  trunk  or  frame  is  the  basic 
supporting  and  mounting  structure  for  the  drive  system  and  all  operating  elements. 
The  door  frame  is  fastened  to  the  trunk  (not  the  frame  of  frame  types)  and 
supports  the  door  hinging  and  "dogging”  mechanism*  A variety  of  shieldhare  included 
as  "structure"  although  they  do  not  contribute  to  conveyor  support.  These 
shields  guard  the  package  area  md  the  operating  mechanism.  The  structure 
consists  of: 

Number  20.1  - Trunk  (or  frame) 

Number  20,2  - Door  framing 

Number  20,3  - Shields 

3. 2. 2.1  The  main  structure  or  trunk  of  the  conveyor  is  sized  to  adequately 

support  the  drive  system,  operating  system,  shields,  door  frames  and  operating 
loads*  The  trunk  is  also  sized  to  withstand  whatever  water  pressure  head  is 
specified  by  the  procuring  activity*  The  trunk  is  permanently  welded  to  the 
ship’s  deck  and  becomes  a part  of  the  ships  structure*  The  trunk  consists  of 
welded  plates  forming  a rectangular  box  of  i length  necessary  to  service  the 
deck  levels  specified*  The  shields  are  formed  sheet  steel  bolted  or  welded 
to  the  trunk  by  suitable  supports  and/or  bracketry*  Door  frames  are  welded 
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FIGURE  NO.  1 Second  indenture  level  functional 
block  diagram. 
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FIGURE  NO.  4 Third  indanturad  I aval  functional 
block  di^rao  Cor  the  control 
tystao  (Nuaibcr  40). 
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to  the  outside  of  the  trunk  at  the  deck  levels  serviced.  The  Contractor  is 
not  planning  to  perform  failure  modes  and  effects  analysis  on  the  Structure 
Sub -system. 


3.2.3  Sub-system  Number  30  - Operating  System 

The  operating  system  consists  of  those  parts  which  lift  and  lower 
the  loads.  The  loads  are  positioned  on  "carriers"  attached  to  a "carrier  chain" 
supported  by  head  and  tail  sprockets.  The  carriers  operate  in  tracks  which 
guide  the  carriers  and  which  tilt  the  carriers  from  the  horizontal  flat 
position  for  load  carrying  to  the  vertical  position  for  return  at  the  back  of 
the  conveyor.  The  load  area  is  separated  from  the  return  area  by  back  shields 
The  operating  system  consists  of: 


Number 

30.1 

- 

Head  cam  plate 

Number 

30.2 

- 

Head  shaft 

Number 

30.3 

- 

Head  shaft  bearings 

Number 

30.4 

- 

Head  bearing  housing 

Number 

30.5 

- 

Head  shaft  sprocket 

Number 

30.6 

- 

Carrier  chain  section 

Number 

30.7 

- 

Carrier  link 

Number 

30.8 

- 

Chain  pin 

Number 

30.9 

- 

Carrier  shaft 

Numb  er 

30.10 

- 

Guide  arm 

Number 

30.11 

- 

Guide  arm  cap 

Number 

30.12 

- 

Cara  follower  - flanged 

Number 

30.13 

- 

Cam  follower 

Number 

30.14 

- 

Carrier 

Number 

30.15 

- 

Front  track 

Number 

30.16 

- 

ReSr' track 

Number 

30.17 

- 

Tail  cam  plate 
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Number  30.18 


Tail  carrier  sprocket 


Number  30.19 


Tail  sprocket  bearings 


Number  30.20 


Chain  take-up 


Number  30.21 


Head  driven  sprocket 


The  functional  interrelationship  between  the  components  of  the 
operating  system  is  snown  on  Figure  No.  3. 


3.2.4  Sub-system  Number  40  - Control  System 

The  control  systems  consists  of  the  controller,  the  master  station, 
the  machinery  area  station  and  intermediate  control  stations  located  at  each 
ship’s  level  serviced  by  the  conveyor.  The  controller  passes  ships  power  at 
440  Volts,  3-phase,  60  hertz  through  relays  to  the  conveyor  motor  and  brake. 

The  relays  are  operated  by  the  master,  machinery  and  intermediate  stations 
to  start  or  stop  the  conveyor.  The  master  station  selects  which  of  the 
stations  will  be  in  control,  the  speed  of  the  conveyor,  and,  the  direction  of 
motion  - up  or  down.  The  machinery  station  is  equipped  with  a jog  switch 
allowing  intermittent  motion  of  the  conveyor  in  either  the  up  or  down  direction 
to  facilitate  maintenance  and  repair.  Safety  devices  (see  par.  3,2.5)  operate 
to  stop  the  conveyor  by  interrupting  power  to  the  motor  and  brake.  The  brake 
is  ’’tail  safe"  in  that  the  brake  is  "on"  when  the  power  is  "off".  Both  the 
motor  and  the  brake  will  be  analyzed  as  part  of  the  Drive  System  (Number  10); 
they  are  Included  here  to  complete  the  electrical  circuitry  diagram.  Elements 
of  the  Control  system  are: 


Number  40,1 


Controller 


Number  40.2 


Master  station 


Number  40,3 


Machinery  station 


Number  40,4 


Intermediate  station(s) 


The  functional  interrelationship  between  the  elements  of  the 


control  system  is  shown  in  Figure  No.  4, 
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FIGURE  NO.  3 Third  indentured  level  functional 
block  diagram  for  operating  system 
(Number  30) 


3,2.4. 1 Control ler.  The  controller  performs  the  function  of  housing  the 
3-speed  motor  reversing  starter,  the  instant  overload  relay  (lOL)  and  by- 
pass timer,  the  thermal  overload  device,  the  emergency  run  button,  the  audio 
signal  timer,  three  relays  activated  by  the  safety  devices  (Number  50,  par.  3.2.5), 
and  three  relays  activated  by  the  speed  selector  switch  (Number  40,2,  par.  3.2.4). 
The  controller  receives  ship’s  power  and,  at  the  command  of  the  controlling 
stations  and  the  safety  devices,  turns  the  motor  on  or  off.  The  controller 
is  usually  mounted  in  a secure  but  accessible  location  either  on  the  ship's 
bulkhead  or  on  the  trunk  of  the  conveyor.  All  elements  of  the  controller  are 


These  elements  consist  of} 

Number 

40.1.1 

- 

3-speed  reversing  starter 

Number 

40.1.2 

- 

Thermal  overload  device 

Number 

40.1.3 

- 

Emergency  run  switch 

Number 

40.1.4 

- 

Instant  overload  relay  (lOL) 

Number 

40.1.5 

- 

lOL  by-pass  timer 

Number 

40.1.6 

- 

440V  to  llOV  transformer 

Number 

40.1.7 

- 

1st  speed  relay 

Number 

40.1.8 

- 

2nd  speed  relay 

Number 

40.1.9 

- 

3rd  speed  relay 

Number 

40.1.10 

- 

Jver-the-door  jam  sensing  relay 

Number 

40.1.11 

- 

Loader/unloader  interlock 
and  jam  sensing  relay 

Number 

40.1.12 

- 

Door  Interlock  relay 

Number 

40.1.13 

- 

Audio  signal  timer 

The  functional  interrelationships  between  these  elements,  the 
safety  devices,  and  the  control  system  is  shown  in  Figure  No.  5. 
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440V;  3-PHASE;  60  HZ  SHIPS  POWER 


3. 2. 4, 2 Number  40.2  - Master  control  station.  The  master  control  station 


performs  the  function  of  turning  power  on  to  power  itself  and  all  other  stations. 
Power  "on"  is  indicated  by  a green  light.  The  master  control  station  also 
selects  one  of  three  motor  speeds,  the  direction  of  motion,  and,  which  station 
will  control  the  conveyor.  All  elements  are  replaceable.  The  master  control 
station  is  usually  mounted  on  the  conveyor  trunk,  at  the  main  deck  level. 

Elements  consist  of: 

Number  40.2.1  - Power  on/off  selector  switch 
Number  40.2.2  - Three  position  speed  selector  switch 
Number  40.2.3  - Two  position  conveyor  motion  switch 
(up/down) 

Number  40.2.4  - One  or  more  three  position  station  selector 
switches 

3.2«4.3  Number  40«3  - Machinery  station.  The  machinery  station  is  located  in 
the  machinery  area  to  enable  maintenance  and  repair  personnel  to  operate  the 
conveyor.  All  elements  are  replaceable.  This  station  is  equipped  with: 

Number  40.3.1  - Green  power  - on  light 
Number  40.3.2  - Start  button 
Number  40.3.3  - Stop/run  switch 
Number  40.3.4  - Jog  switch 

3. 2. 4. 4 Number  40.4  - Intermediate  stations.  All  intermediate  stations  are 
identically  equipped  and  are  the  same  as  the  machinery  station  except  they 
have  no  jog  switch.  Functions  are  to  start  and  to  stop  the  conveyor  during 
strlke-up  operation  or  should  an  emergency  arise.  Any  intermediate  station 
can  stop  the  conveyor;  all  stop/run  switches  must  be  in  the  run  position  for 
the  conveyor  to  operate. 
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3,2.5  Sub-System  number  50  - Safety  devices 

Safety  devices  may  be  considered  in  the  following  general  categories; 

1)  motor  protection 

2)  personnel  protection 

3)  protection  against  conveyor  damage  due  to 
j amming 

Following  is  a brief  description  of  each  safety  device  identifying 
function  and  the  category  into  which  the  safety  device  fits. 

Number  50.1  - Instantaneous  overload  - motor  protection  - 

allows  an  initial  amperage  surge  for  start-up  - 
cuts  off  power  if  following  amperage  surges 
exceed  a pre-set  value. 

Number  50.2  - Thermal  overload  - motor  protection  - cuts  off 

power  if  motor  amperage  develops  sufficient 
heat  to  exceed  a pre-set  value. 

Number  50,3  - Audio  signal  - personnel  protection  - sounds  an 

audio  signal  at  each  level  warning  personnel 
that  the  conveyor  is  about  to  start  - operates 
automatically  for  2 to  3 seconds  after  the  start 
action  has  been  Initiated  but  before  the  conveyor 
actually  runs. 

Number  50,4  - Brake  - personnel  protection  - stops  the  conveyor 
within  narrow  limits  whenever  power  is  cut-off. 
Prevents  the  conveyor  from  back- traveling  even 
though  the  conveyor  is  equipped  with  a non- 
overhauling reducer. 


1 4 - 


Number  50.5  • Bottom  overtravel  - conveyor  protection  - 

prevents  packages  passing  through  and  jamming 
at  the  bottom  of  the  conveyor  -•  senses 
incipient  jamming  - operates  during  strike-dovm 
only. 

Number  50.6  - Loader/unloader  interlock  - conveyor  protection  - 

prevents  strike-down  operation  should  the  loader/ 
unloader  be  in  the  horizontal  load  position 
instead  of  the  tilted,  unload,  position  - 
operates  during  strike-down. 

Number  50.7  - Loader/unloader  jam  sensing  - conveyor  protection  - 

stops  the  conveyor  should  a down  coming  tray  strike 
a package  not  completely  ejected  after  the  package 
has  depressed  the  loader/unloader  a pre-set 
distance  - senses  incipient  jasnming  - operates 
during  strike-down. 

Number  50,8  - Door  interlock  - conveyor  protection  - prevents 

strike-down  operation  unless  the  door  at  the 
unload  station  is  fully  open. 

Number  50,9  - Top  overtravel  - conveyor  protection  prevents 

packages  passing  through  and  Jamming  at  the  top 
of  the  conveyor  - senses  incipient  jamming  - 
operates  during  strike-up  only. 

Number  50,10  - Over- the-door- jam  sensing  - conveyor  protection  - 
stops  the  conveyor  if  disturbed  by  a misplaced 
package  - most  effective  in  preventing  package 
jamming  between  the  tray  and  the  upper  door 
coaming -senses  incipient  jamming  - operates  during 
strike-up  and  strike-down. 
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FIGURE  NO.  6 


Third  indentured  level  functional  block 
diagram  for  safety  devices  (Number  50). 
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Number  50,11  - Torque  limiter  - conveyor  protection  - set  to 
slip  at  110  to  1157,  of  total  load  - operates 
continuously  - will  prevent  conveyor  and  motor 
damage  should  all  other  devices  fail. 

The  functional  interrelationships  between  the  safety  devices  are 
shown  on  Figure  No.  6, 

3,2.6  Sub-System  Number  60  - Load/unload  devices 

Load/unload  devices  are  supplied  to  enable  the  operators  to 
conveniently  load  and  unload  packages  into  and  out-of  the  conveyor.  They 
may  be  positioned  in  one  of  three  ways: 

Load  - horizontal  to  enable  operators  to  place  packages  on 
the  fingers  of  the  load/unload  device.  The  fingers 
of  the  tray  pass  between  the  fingers  of  the  load/unload 
device  and  pick-up  the  package, carrying  the  package  up. 

A safety  interlock  (Figure  50.6)  prevents  strike- 
down  operation  when  the  load/unload  device  is  in  the  "load" 
position.  Usually  simple  wheel  type  conveying  sections 
are  hooked-to  the  load/unload  device  so  that  packages 
may  be  rapidly  on-loaded. 

Unload  - tilted  about  30^  from  the  horizontal.  Packages  carried 
by  the  trays  strike  the  fingers  of  the  load/unload 
device  and  slide  out  of  the  load  area  of  the  conveyor. 
Usually  simple  wheel  type  conveying  sections  are  hooked-to 
the  load/unload  device  so  that  packages  may  be  rapidly 
removed  from  the  door  opening.  A door  interlock 
(Figure  4,  50.8)  is  included  at  each  serviced  level 
to  assure  that  the  door  is  fully  open  at  the  unload 
station  before  the  conveyor  will  operate  in  the 
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strike-dovm  mode 


Stowed  - vertical  either  up  or  down*  When  the  load/unload  device 
is  in  the  stowed  downward  position,  loads  may  be  unloaded 
from  that  station  during  strike-up  operation.  At  times 
it  is  preferable  to  stow  the  load/unload  device  in  the 
upward  position  where  it  acts  as  a personnel  guard. 

Stowing  upward  or  downward  is  an  option  of  the 
procuring  activity. 

The  load/unload  device  incorporates  two  additional  safety  features! 
one  - the  fingers  of  the  load/unload  device  are  spring  loaded 
and  are  capable  of  being  depressed  should  a downcoming 
tray  strike  and  press  against  a package  inadvertently 
not  removed  from  the  package  area.  As  the  fingers  of 
the  load/unload  device  depress  a micro-switch  is  activated 
which  immediately  cuts-off  conveyor  power* 
two  - the  load/unload  device  is  arranged  to  "hinge"  when  the 
device  is  in  the  load  or  unload  positions.  Thus,  in 
the  event  packages  strike  the  bottom  of  the  load/unload 
device,  the  device  will  hinge  upward  and  toward  the  door 
opening,  out  of  the  way  of  the  upcoming  package. 


The  functional  interrelationship  between  the  elements  of  the  load/unload 

device  is  shown  in  Figure  No.  7.  These  elements  consist  of: 

Number  60,1  - Platform 

Number  60.2  - Mtg.  and  stowing  bracket  R.H. 

Number  60.3  - Mtg.  and  stowing  bracket  L.H. 

Number  60.4  - Platform  depress  mechanism  L.H. 

Number  60.5  « Platform  depress  mechanism  R.H. 

Number  60,6  - Cross  shaft 

Number  60,7  - Interlock  microswitch 

Number  60,8  - Jam  sensing  microswitch 


FIGURE  NO.  7 - Third  level  indentured  functional 
block  diagram  for  the  load/unload 
device  (Number  60). 
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4.  FMEA  LIST 


4,1  The  list  of  items  recommended  for  FMEA  application  is  composed  of 

all  items  listed  in  the  following  paragraphs: 


Paragraph: 

3.2.1 

Paragraph: 

3.2.3 

Paragraph: 

3. 2. 4.1 

Paragraph: 

3. 2. 4.2 

Paragraph: 

3. 2. 4.3 

Paragraph: 

3.2.5 

Paragraph: 

3.2.6 

5.  FMEA  DEPTH 


5,1  The  FMEA  analysis  will  be  performed  on  each  major  assembly  and 

sub-assembly  of  the  functional  systems  identified  in  paragraph  3,2»  to  the 
depth  necessary  to  identify  replaceable  parts  and  components  composing  the 
assemblies  and  sub-assemblies. 


6.  FAILURE  MODES 

6.1  The  Contractor  analyzed  data  supplied  by  the  Navy's  Maintenance  Support 

Office  (MSO)  Material  History  Report,  MSO  No.  479052704.A07 , Volumes  1 and  2. 

This  data  covered  10  manufacturers  of  vertical  stores  conveyors  during  the 
period  between  January  1,  1970  thru  April  1972  (2-1/3  years).  The  data  described 
failures  which  occurred  on  132  vertical  stores  conveyors  ranging  in  capacity  from 
85  to  4,000  pounds  per  tray.  The  Contractor's  report  provided  a statistical 
interpretation  of  this  data  and  included  a "corrective  action  plan".  The 
report  titled, "Reliability  Studies  Including  Corrective  Action  Plan  for  Vertical 
Package  Conveyor"  was  submitted  to  NAVSEC  August  10,  1972.  To  the  Contractor's 
knowledge  no  more  valid  source  of  data  identifying  the  failures  occuiring  to 
parts  and  systems  of  vertical  stores  conveyors  Is  anywhere  else  available. 


fi 


6.2  The  report  identified  above  provides  a valid  statistical  base  for  the 

selecting  failure  modes.  The  FMEA  alysis»  which  will  be  pcrfonscd  as  required 
by  CORL  item  BOOIAH,  will  analyze  each  item»  system,  or  sub-system,  of  paragraph 

4.1  and  will  use  the  work  sheet  shorn  as  Figure  2 of  MIL-STD-1629  (Ships)  as 
the  basic  analysis  tool.  Failure  modes  for  each  of  the  items  selected  for 
analysis  will  be  provided  in  the  FMEA  report. 

7.  CRITERIA  FOB  TDENTlWING  CRITICAL  ITEMS 

7.1  Criticality  of  the  effect  of  item  failure  will  be  established  using 
the  techniques  outlined  in  MIL-STO-1629  (Ships),  par.  S.ll  and  S.ll.L. 

7.1.1  Criticality  is  defined  as  the  combination  of  probability  of  occurrence 
and  the  level  of  severity.  A criticality  matrix  will  be  used  as  the  steans  of 
identifying  and  con4>aring  each  failure  mode  to  all  other  failure  modes  with 
respect  to  the  ship's  mission  and  the  items  functional  output  and  maintenance. 

7.1.1. 1 Severity  is  classified  as  follows:  (MIL-STD-1629  SHIPS,  par.  5.9.1) 

(a)  Level  1^  minor.  Characterized  by  any  one  or  combinations  of  the 
following  conditions: 

(I)  No  effect  on;rhip's  mission  capability. 

C2)  Negligible  effect  on  functional  output  of  the  item  at  the 
initial  indenture  level. 

(J)  Other  indenture  level  item  degradation  chat  can  be  repaired 
by  performing  "adjustment  type"  maintenance. 

(b)  Level  2,  major.  Characterized  by  any  one  or  combinations  of  the 
following  conditions: 

(1)  Negligible  effect  on  ship's  mission  capability. 

(2)  Degradation  in  functional  output  of  the  item  at  the  initial 
indenture  level. 

(3)  Other  indenture  lev:>l  item  failure  that  can  be  repair.-d 
immediately  within  Che  capability  of  organization  level 
maintenance. 
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(c)  Level  3 , critical*  Characterized  by  any  one  or  combinations 
of  the  following  conditions: 

(1)  Some  degradation  in  ship's  mission  capability. 

(2)  Severe  reduction  in  functional  output  of  the  item  at  the 
initial  indenture  level. 

(3)  Other  indenture  level  item  failure  that  cannot  be  repaired 
immediately  within  the  capability  of  organizational 
(shipboard)  level  maintenance. 

(d)  Level  4,  catastrophic.  Characterized  by  any  one  or  combinations 
of  the  following  conditions: 

(1)  Severe  reduction  in  ship’s  mission  capability. 

(2)  Complete  functional  output  loss  of  the  item  at  the  initial 
indenture  level. 

(3)  Ocher  indenture  level  item  failure  requiring  tender  or  depot 
maintenance  repair. 

The  level  of  severity  selected  shall  be  the  highest  level  an  item  falls  under, 
regardless  of  whether  a lower  classification  is  also  applicable. 

7. 1.1. 2 Failure  probability  shall  be  assessed  in  both  quantitative  and 
qualitative  terras  (MIL-STD-1629  (SHIPS),  par.  5.10,  5.10.1,  5,10,2,  5.10.2.1 
and  5.10.2.2). 

Failure  probability  level  guidlines. 

Qualitative.  The  following  sample  guidelines  are  suggested  for  developing 
definitions  for  failure  probability  levels  in  qualitative  terms; 

(a)  Level  1 - Failure  mode  probability  verv  low.  A negligible  chance 
of  occurrence  during  the  item  operating  time  interval. 

(b)  Level  2 - Failure  mode  probability  low.  An  unlikely  chance  of 
occurrence  during  item  operating  time  interval. 

(c)  Level  3 - Failure  mode  probability  medium.  A random  fifty/fifty 
chance  of  occurrence  during  item  operating  time  interval. 


(d)  Level  4 - Failure  mode  probability  high.  A likely  change  of 
occurrence  during  the  item  operating  time  interval. 

Quantitative.  The  following  sample  guidelines  are  suggested  for 
developing  definitions  for  failure  probability  levels  in  quantitative  terms: 

(a)  Level  1 (very  low).  Any  single  failure  mode  probability  of 
occurrence  which  is  less  than  0.01  of  the  overall  probability  of 
failure  during  the  item  operating  time  interval. 

(b)  Level  2 (low).  Any  single  failure  mode  probability  of  occurrence 
which  is  more  than  0.01  but  less  than  0.10  of  the  overall 
probability  of  failure  during  the  item  operating  time  interval. 

(c)  Level  ^ (medium).  Any  single  failure  mode  probability  of  occurrence 
which  is  more  than  0.10  but  less  than  0.20  of  the  overall 
probability  of  failure  during  the  item  operating  time  interval. 

(d)  Level  4 (high).  Any  single  failure  mode  probability  of  occurrence 
which  is  more  than  0.20  of  the  overall  probability  of  failure  during 
the  item  operating  time  interval. 

These  recommended  definitions  shall  be  modified  or  expanded  as  necessary, 
depending  on  the  system  or  equipment  being  analyzed  and  the  amount  of  failure 
data  available  for  the  type  of  hardware  Involved. 
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8.  FMEA  ITEM  SELECTION  RATIONAL 

8.1  The  items  selected  for  FMEA  analysis  were  selected  based  on  the 

following  rational: 

(a)  any  item  the  failure  of  which  would  prevent  conveyor  operation, 

(b)  any  item  the  failure  of  which  would  affect  the  operation  of 

another  system  or  sub-system.  Example:  failure  of  the  loader/ 

unloader  micro-switch  jam  sensing  switch  would  not  prevent  or 
interfere  with  conveyor  operation.  However,  should  a jam  occur, 
the  micro-switch  would  fail  to  operate  and  serious  damage  could 
result  since  motor  current  would  continue  until  either 

- cut-off  by  the  lOL, 

- cut-off  by  the  thermal 
overload  protection  device 

Failure  of  these  systems  to  function  would  eventually  force  the 
torque  limiter  to  slip. 

(c)  any  item  the  failure  of  which  should  be  repaired  to  continue 

efficient  conveyor  operation  or  to  minimize  the  possibility  of 
eventual  damage  or  wear  to  other  systems,  sub-systems  or  components. 
Example:  freeze-up  of  a guide  arm  cam  follower.  By  itself  this 

failure  is  not  overly  detrimental,  however,  the  frozen  bearing 
would  slide  instead  of  roll  along  the  track  causing  eventual  wear 

to  the  track  and  bottom  and  top  cam  plates.  Additional  power 
would  be  required.  If  enough  cam  followers  failed,  wear  would 
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Introduction 


This  Failure  and  Effects  Analysis  Report  has  been  prepared 
by  the  Komylak  Corporation,  400  Heaton  Street,  Hamilton,  Ohio  45211 
as  a response  to  Contractor  Data  Requirement  List  Item  BOOIAH  of 
USN  Contract  N00024-72-C-5500. 

The  report  covers  the  modes  and  effects  of  potential  failure 
of  significant  parts,  components,  sub-assemblies  and  assemblies  designed 
for  incorporation  into  a "hi-rellability”  vertical  stores  conveyor  per 
contractural  specification  Ships-C-5552.  Specifically  this  report  has 
been  prepared  in  accord  with  paragraphs  3»2»5,  3. 2*5*1  and  3*2*5*2  of 
Ships-C-5552*  The  format  of  the  report  relies  on  MIL-STD-1629  titled 
•'Procedures  for  Performing  a Failure  and  Effects  Analysis  for  Shipboard 
Equipment'*  provided  to  the  contractor  by  Naval  Ships  Engineering  Center 
for  this  purpose* 
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Figure  No.  12  - Criticality  Matrix  - Safety  Devices  (Number  50) 

Figure  No.  12(a)Tabulation  for  Safety  Devices  (Number  50) 
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Failure  Modes  and  Effects  Analysis  Report 

1.  SCOPE 

1.1  The  Failure  Modes  and  Effects  Analysis  (FMEA)  Report 

contains: 

(a)  A narrative  functional  description  of  the 
vertical  stores  conveyor. 

(b)  A functional  block  diagram. 

(c)  An  Indentured  block  diagram  detailed  down 
to  the  indentured  level  which  will  Identify 
replaceable  parts  or  components. 

(d)  A list  of  the  Items  recommended  for  FMEA 
application. 

(e)  An  outline  of  the  depth  of  which  FMEA  will  be 
applied  within  each  assembly  and  sub-assembly. 

(f)  A description  of  the  type  of  failure  modes 
associated  with  each  item  selected  for  FMEA 
application. 

(g)  A description  of  the  criteria  to  be  used  for 
Identifying  critical  items  (MIL-STD-1629  [Ships] 
will  be  used  as  applicable). 

(h)  The  rationale  for  selecting  the  Items  and 
associated  failure  modes  for  FMEA. 

(1)  A complete  FMEA  of  the  vertical  stores  conveyor 

Including  analysis » working  papers » criticality  matrix 
and  criticality  tabulation. 

2.  APPLICABLE  DOCUMENTS 

2.1  To  the  extent  applicable*  the  following  documents  will  be 

used  to  prepare  and  support  this  report: 
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Standards ; 

MIL>STD>470  - Maintainability  Program  Requirements 

(for  Systems  and  Equipment) 

MIL-STD-785  - Reliability  Program  for  Systems  and 

Equipment  Development  and  Production 

MIL-STD-1629  - Procedures  for  Performing  a Failure 
(Ships) 

Mode  and  Effect  Analysis  for  Shipboard 
Equipment 

Reports; 

"Reliability  and  Maintainability  Program  Plans  - 
Final"  (prepared  by  Komylak  Corporation  and  submitted 
January  28 , 1975  under  CDRL  Item  BOOIAA  of  USN  Contract 
N00024-72-C-5500). 

"Reliability  Studies  Including  Corrective  Action  Plan 
for  Vertical  Package  Conveyor"  (prepared  by  Komylak 
Corporation  and  submitted  August  10 » 1972  under  CDRL 
Item  AOOlAG-1  of  USN  Contract  N00024-72-C-5500). 

FMEA  Selection  and  Criteria  Report  (prepared  by  Komylak 
Corporation  and  submitted  April  10 , 1975  under  CDRL 
Item  BOOIAB  of  USN  Contract  N00024-72-C-5500). 

EQUIPMENT  DESCRIPTION  AND  FUNCTIONAL  BLOCK  DIAGRAM 

3.1  Narrative  F\inctlonal  Description.  The  vertical  stores 

conveyor  is  used  to  convey  goods  and  stores  from  one  ship's 
level  to  another.  The  conveyor  is  equipped  with  vertically 
moving  trays  to  carry  packages  weighing  up  to  100  pounds  in 
size  and  up  to  36  Inches  wide  by  24  inches  deep  by  36  Inches 
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high.  Each  load  station  Is  equipped  with  platforms  that 
can  be  positioned  to  mechanically  eject  packages  at  that 
load  station;  these  devices  can  also  be  positioned  as  a 
load  platform  to  position  loads  for  pick-up  during  strike- 
up  operation.  Speed  of  operatlo..  can  be  selected  at  eight, 

10.7  and  16  trays  per  minute.  The  machine  is  electrically 
motor-driven  through  a non-overhauling  reducer.  An  electrical 
brake  is  used  to  stop  conveyor  motion.  The  conveyor  is  control- 
led through  a series  of  push-button  stations  located  at  each 
load  station.  The  function  of  turning  power  "on”  and 
selecting  conveyor  speed  is  located  at  the  "Controller"  which 
also  houses  the  starting  relays,  safety  relays  and  other 
electrical  equipment.  Safety  devices  are  incorporated  to 
protect  the  motor  against  overload  and  which  sense  incipient 
package  jams  in  order  to  stop  the  conveyor.  An  audio  signal 
warns  the  operator  that  the  conveyor  is  about  to  start. 

3.2  Functional  Block  Diagram.  The  following  block  diagram  and 
block  diagram  sub-systems  provide  the  structural  data  for 
the  FHEA. 


Number 

100 

Vertical  Conveyor  System 

Number 

10 

Drive  System 

Number 

20 

Structure 

Number 

30 

Operating  System 

Number 

40 

Control  System 

Number 

50 

Safety  Devices 

Number 

60 

Load/Unload  Devices 

The  functional  interrelationships  between  these  devices  and 
sub-systems  is  shown  on  Figure  No.  1. 
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3* 2*1  Sub-system  Number  10  - Drive  System*  The  drive  system  powers 
the  conveyor  through  a chain  and  sprocket  system*  The  drive 
sprocket  and  chain  are  considered  part  of  the  drive  system, 
the  rest  of  the  system  consists  of: 


Number  10.1 


Base  Plate 


Number  10.2 


Motor 


Number  10.3 


Number  10.4 


Torque  Limiter 
Reducer 


Number  10*5 


Brake 


Number  10*6 


Jack  Shaft  Coupling 


Number  10.7 


Jack  Shaft 


Nvtmber  10.8 


Pillow  Block  Bearing 


Number  10.9 
Number  10.10 


Drive  Sprockets  and  Keys 
Drive  Chain 


Number  10*11 


Drive  Chain  Take-up 


The  drive  system  may  be  mounted  on  the  back,  left  side  or 
right  side  - as  selected  by  the  procuring  activity.  The 
functional  interrelationship  between  the  components  of  the 
drive  system  is  shown  on  Figure  No.  2. 

3*2.2  Sub-system  Number  20  - Structure.  The  structure  consists  of 

the  conveyor  trunk  or  frame,  door  frames  and  doors,  and  various 
internal  shields.  The  trunk  or  frame  is  the  basic  supporting 
and  mounting  structure  for  the  drive  system  and  all  operating 
elements*  The  door  frame  is  fastened  to  the  trunk  (not  the 
frame  of  frame  types)  and  supports  the  door  hinging  and 
"dogging"  mechanism*  A variety  of  shields  are  included  as 
"structure"  although  they  do  not  contribute  to  conveyor 
support.  These  shields  guard  the  package  area  and  the 
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operating  mechanism*  The  structure  consists  of: 


Number  20*1  Trunk  (or  Frame) 

Number  20.2  Door  Framing 

Number  20*3  Shields 

3.2*2. 1 The  main  structure  or  trunk  of  the  conveyor  is  sized  to 
adequately  support  the  drive  system*  operating  system* 
shields*  door  frames  and  operating  loads.  The  trunk  is 
also  sized  to  withstand  tdiatcver  water  pressure  head  is 
specified  by  the  procuring  activity.  The  trunk  is  permanently 
welded  to  the  ship's  deck  and  becomes  a part  of  the  ship's 
stxncture*  The  trunk  consists  of  welded  plates  forming  a 
rectangular  box  of  a length  necessary  to  service  the 
deck  levels  specified.  The  shields  are  formed  sheet 
steel  bolted  or  welded  to  the  trunk  by  suitable  supports 
and/or  bracketry.  Door  frames  are  welded  to  the  outside 
of  the  trunk  at  the  deck  levels  serviced.  The  Contractor 
is  not  planning  to  perform  failure  modes  and  effects 
analysis  on  the  Structure  Sub*systam  except  in  co^>liance 
with  NAVSEG  letter  Ser.  dated  21  Kay  1973* 
paragraphs  l.b(2)  and  (3).  (Note:  paragraph  l*b(l) 
is  a shipyard  installation  problms  beyond  the  Contractor's 
control). 

3*2*3  Sub»systam  Nmdier  30  » Operating  System*  The  operating 
system  consists  of  those  pares  which  lift  and  lower  the 
loads*  The  loads  are  positioned  on  "carriers"  attached  to 
a "carrier  chain"  supported  by  head  and  tail  sprockets. 

The  carriers  operate  in  tracks  which  guide  the  carriers 
and  which  tilt  the  carriers  from  the  horizontal  flat 
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position  for  load  carrying  to  the  vertical  position  for 
return  at  the  back  of  the  conveyor.  The  load  area  is 
separated  from  the  return  area  by  back  shields.  The 
operating  system  consists  of: 


Number 

30.1 

Head  Cam  Plate 

Number 

30.2 

Head  Shaft 

Number 

30.3 

Head  Shaft  Bearings 

Number 

30.4 

Head  Bearing  Housing 

Number 

30.5 

Head  Shaft  Sprocket 

Number 

30.6 

Carrier  Chain  Section 

Number 

30.7 

Carrier  Link 

Number 

30.8 

Chain  Pin 

Number 

30.9 

Carrier  Shaft 

Number 

30.10 

Guide  Arm 

Number 

30.11 

Guide  Arm  Cap 

Number 

30.12 

Cam  Follower  - Flanged 

Number 

30.13 

Cam  Follower 

Number 

30,14 

Carrier 

Number 

30.13 

Front  Track 

Number 

30.16 

Rear  Track 

Number 

30.17 

Tail  Cam  Plate 

Number 

30.18 

Tail  Carrier  Sprocket 

Number 

30.19 

Tail  Sprocket  Bearings 

Number 

30.20 

Chain  Take-up 

Number 

30.21 

Head  Driven  Sprocket 

The  functional  interrelationship  between  the  components  of 
the  operating  system  is  shown  on  Figure  No.  3. 

3.2.4  Sub-system  Number  40  - Control  System.  The  control  systems 
consist  of  the  Controller  and  intermediate  control  stations 
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located  at  each  ship's  level  serviced  by  the  conveyor  and 
in  the  machine  area.  The  Controller  passes  ship's  power  at 
440  Volts,  three-phase,  60  hertz  through  relays  to  the  motor 
and  brake.  The  relays  are  operated  by  controls  at  the  inter- 
mediate stations  to  start  or  stop  the  conveyor.  Switches 
located  in  the  Controller  turn  power  on  or  off  to  the  control 
stations  and  select  the  speed  of  the  conveyor.  Safety 
devices  (see  paragraph  3.2.5)  operate  to  stop  the  conveyor 
by  interrupting  power  to  the  motor  and  brake.  The  brake  is 
"fail  safe"  in  that  the  brake  is  "on"  when  the  power  is  "off". 

Both  the  motor  and  the  brake  will  be  analyzed  as  part  of 
the  Drive  System  (Number  10);  they  are  included  here  to 
complete  the  electrical  circuitry  diagram.  Elements  of  the 
Control  System  are: 

Number  40.1  Controller 

Number  40.2  Controller  Station 

Number  40.3  Intermediate  Station  (s) 

The  functional  interrelationship  between  the  elements  of  the 
control  system  is  shown  in  Figure  No.  4. 

3.2.4. 1 Contrdller.  The  Controller  performs  the  function  of  housing 
the  three-speed  motor  reversing  starter,  the  instant  over- 
load relay  (lOL)  and  by-pass  timer,  three  relays  activated 
by  the  safety  devices  (Number  50,  paragraph  3.2.5),  and  three 
relays  activated  by  the  speed  selector  switch  (Number  40.2.2, 
paragraph  3. 2.4.2).  The  Controller  receives  ship's  power  and, 
at  the  command  of  the  controlling  stations  and  the  safety  devices, 
turns  the  motor  on  or  off.  The  Controller  is  usually  mounted 
in  a secure  but  accessible  location  either  on  the  ship's 


bulkhead  or  on  the  trunk  of  the  conveyor.  All  elements  of 
the  Controller  are  replaceable.  These  elements  consists  of: 


Number 

40.1.1 

Three-speed  Reversing  Starter 

Number 

40.1.2 

Thermal  Overload  Device 

Number 

40.1.3 

Instant  Overload  Relay  (lOL) 

Niunber 

40.1.4 

lOL  By-pass  Timer 

Number 

40.1.5 

440  Volt  to  llO  Volt  Transformer 

Number 

40.1.6 

First  Speed  Relay 

Number 

40.1.7 

Second  Speed  Relay 

Number 

40.1.8 

Third  Speed  Relay 

Number 

40.1.9 

Over-the-door  Jam  Sensing  Relay 

Number 

40.1.10 

Loader/Unloader  Interlock  and  Jam 

Sensing  Relay 

Number 

40.1.11 

Audio  Signal  Timer 

The  functional  Interrrelatlonshlps  between  these  elements > 
the  safety  devices,  and  the  control  system  Is  shown  In 
Figure  No.  5. 

3. 2. 4. 2 Number  40.2  - Controller  Station.  The  Controller  station 

performs  the  function  of  turning  power  "on"  to  power  all  other 
stations.  Power  "on"  Is  Indicated  by  a red  light.  This 
station  also  houses  the  three-speed  selector  switch  and  the 
emergency  run  switch.  All  elements  are  replaceable.  The 
emergency  run  switch  by-passes  the  Instantaneous  overload  and 
the  thermal  overload  protecting  the  motor  to  allow  emergency 
operation  of  the  conveyor.  Elements  consist  of: 

Number  40.2.1  Power  On/Off  Selector  Switch 

Number  40.2.2  Three-position  Speed  Selector  Switch 

Number  40.2.3  Power  "On"  Light  (Red) 


Number  40.2.4  Emergency  Run  Switch 

3. 2. 4. 3 Number  40.3  - Intermediate  Stations.  All  intermediate 

stations  are  Identically  equipped;  an  intermediate  station 
is  located  in  the  machinery  area  to  enable  maintenance 
personnel  to  operate  the  conveyor.  The  intermediate  stations 
function  to  designate  conveyor  direction,  up  or  down,  and 
to  stop  the  conveyor  in  the  event  of  an  emergency.  Any 
Intermediate  station  can  stop  the  conveyor;  all  *'stop/on" 
switches  must  be  in  the  *'on"  position  for  the  conveyor  to 
operate. 

Power  '•On**  Light  (Green) 

Stop  Push  - On  Pull  (Red  Light 
on  Stop) 

Up  Push  Button 
Down  Push  Button 

3.2.5  Sub-system  Number  50  - Safety  Devices.  Safety  devices  may 
be  considered  in  the  following  general  categories: 

(1)  Motor  Protection 

(2)  Personnel  Protection 

(3)  Protection  Against  Conveyor  Damage  Due 
To  Jamming 

Following  is  a brief  description  of  each  safety  device 
identifying  function  and  the  category  into  which  the 
safety  device  fits. 

Number  50,1  - Instantaneous  overload  - motor  protection  - 

allows  an  initial  amperage  surge  for  start- 
up - cuts  off  power  if  following  amperage 
surges  exceed  a pre-set  value. 


Number  40.3.1 
Number  40.3.2 

Number  40.3*3 
Number  40.3.4 
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Number  50.2 


Number  50.3 


Number  50.4 


Number  50.5 


Number  50.6 


Number  50.7 


- Thermal  overload  - motor  protection  - 
cuts  off  power  if  motor  amperage  develops 
sufficient  heat  to  exceed  a pre-set  value. 

- Audio  signal  - personnel  protection  - 
sounds  an  audio  signal  at  each  level 
warning  personnel  that  the  conveyor  is 
about  to  start  - operates  automatically 
for  two  to  three  seconds  after  the  start 
action  has  been  initiated  but  before  the 
■conveyor  actually  runs. 

- Brake  - personnel  protection  - stops  the 

conveyor  within  narrow  limits  whenever 

power  is  cut  off.  Prevents  the  conveyor 

frou  back-traveling  even  though  the 
conveyor  is  equipped  with  a non-overhauling 
reducer. 

- Bottom  overtravel  - conveyor  protection  - 
prevents  packages  passing  through  and 
jemanlng  at  the  bottom  of  the  conveyor  - 
senses  incipient  Jamming  - operates  during 
strike-down  only. 

- Loader/Unloader  interlock  - conveyor 
protection  - prevents  strike-down  operation 
should  the  loader/unloader  be  in  the  horizontal 
load  position  instead  of  the  tilted,  unload, 
position  - operates  during  strike-down. 

- Loader/Unloader  jam  sensing  - conveyor 
protection  - stops  the  conveyor  should  a down 
coming  tray  strike  a package  not  completely 
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the  loader/unloader  a pre-set  distance  - 
senses  Incipient  jamming  - operates  during 
strike-down. 

Niimber  50.8  - Top  overtravel  - conveyor  protection. prevents 

packages  passing  through  and  jamming  at  the 
top  of  the  conveyor  - senses  incipient 
jamming  - operates  during  strike-up  only. 

Number  50.9  - Over-the-door- jam  sensing  - conveyor 

protection  - stops  the  conveyor  if  disturbed 
by  a misplaced  package  - most  effective  in 
preventing  package  jamming  between  the  tray 
and  the  upper  door  coaming  - senses 
incipient  jamming  - operates  during  strike- 
up  and  strike-down. 

Number  50.10  - Torque  limiter  - conveyor  protection  - set 
to  slip  at  110  to  115%  of  total  load  - 
operates  continuously  - will  prevent  conveyor 
and  motor  damage  should  all  other  devices  fail. 
The  functional  Interrelationships  between  the  safety  devices 
are  shown  on  Figure  No.  6. 

3.2.8  Sub-system  Number  60  - Load/Unload  Devices.  Load/Unload 

devices  are  supplied  to  enable  the  operators  to  conveniently 
load  and  unload  packages  into  and  out  of  the  conveyor.  They 
may  be  positioned  in  one  of  three  ways: 

Load  - horizontal  to  enable  operators  to  place  packages 
on  the  fingers  of  the  load/unload  device.  The 
fingers  of  the  tray  pass  between  the  fingers  of  the 
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load/unload  device  and  pick  up  the  package, 
carrying  the  package  up.  A safety  interlock 
(Figure  6,  50.6)  prevents  strike-down  operation 
when  the  load/unload  device  is  in  the  "load" 
position.  Usually  simple  wheel  type  conveying 
sections  are  hooked  to  the  load/unload  device 
so  that  packages  may  be  rapidly  on- loaded. 

Unload  - Tilted  about  30  degrees  from  the  horizontal. 

Packages  carried  by  the  trays  strike  the  fingers 
of  the  load/unload  device  and  slide  out  of  the 
load  area  of  the  conveyor.  Usually  simple  wheel 
type  conveying  sections  are  hooked  to  the  load/unload 
device  so  that  packages  may  be  rapidly  removed  from 
the  door  opening. 

Stowed  • Vertical  either  up  or  down.  When  the  load/unload 
device  is  in  the  stowed  downward  position,  loads 
may  be  unloaded  from  that  station  during  strike- 
up  operation.  At  times  it  is  preferable  to  stow  the 
load/unload  device  in  the  upward  position  where  it 
acts  as  a personnel  guard.  Stowing  upward  or  downward 
is  an  option  of  the  procuring  activity. 

The  load/unload  device  incorporates  two  additional  safety 
features: 

One  - The  fingers  of  the  load/unload  device  are  spring 

loaded  and  are  capable  of  being  depressed  should  a 
downcoming  tray  strike  and  press  against  a package 
inadvertently  not  removed  from  the  package  area.  As 


the  fingers  of  the  load/unload  device  depress  a 
micro-switch  is  activated  which  immediately  cuts 
off  conveyor  power. 


Two  - The  load/unload  device  is  arranged  to  "hinge”  when 
the  device  is  in  the  load  or  unload  positions. 

ThuS)  in  the  event  packages  strike  the  bottom  of  the 
load/unload  device,  the  device  td.ll  hinge  upward  and 
toward  the  door  opening,  out  of  the  way  of  the  upcoming 
package. 

The  functional  interrelationship  between  the  elements  of  the 
load/unload  device  is  shown  in  Figure  No.  7.  These  elements 
consist  of: 

Platform 

Mtg.  and  Stowing  Bracket  R.H. 

Mtg.  and  Stowing  Bracket  L.H. 

Platform  Depress  Mechanism  L.H. 

Platform  Depress  Mechanism  R.H. 

Cross  Shaft 
Interlock  Microswitch 
Jam  Sensing  Microswitch 


Number  60.1 
Number  60.2 
Number  60.3 
Number  60.4 
Number  60.5 
Number  60.6 
Number  60.7 
Number  60.8 


4.  FMEA  LIST 


4.1  The  list  of  items  recommended  for  FMEA  application  is  composed 
of  all  items  listed  in  the  following  paragraphs: 

Paragraph:  3.2.1 

Paragraph:  3.2.2 

Paragraph:  3.2.3 

Paragraph:  3. 2.4.1 

Paragraph:  3. 2.4.2 
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Paragraph:  3. 2.4.3 

Paragraph:  3.2.5 

Paragraph  3.2.6 

FMEA  DEPTH 

5.1  The  FMEA  analysis  will  be  performed  on  each  major  assembly 
and  sub-assembly  of  the  functional  systems  Identified  in 
Paragraph  3.2,  to  the  depth  necessary  to  Identify  replaceable 
parts  and  components  composing  the  assemblies  and  sub-assemblies. 

FAILURE  MODES 

6.1  The  Contractor  analyzed  data  supplied  by  the  Navy’s  Maintenance 
Support  Office  (MSO)  Material  History  Report,  MSO  No.  479052704. A07, 
Volumes  1 and  2.  This  data  covered  10  manufacturers  of  vertical 
stores  conveyors  during  the  period  between  January  1,  1970 
through  April,  1972  (2-1/3  years).  The  data  described  failures 
which  occurred  on  132  vertical  stores  conveyors  ranging  in 
capacity  from  85  to  4,000  pounds  per  tray.  The  Contractor’s 
report  provided  a statistical  Interpretation  of  this  data  and 
included  a "corrective  action  plan".  The  report  titled, 

"Reliability  Studies  Including  Corrective  Action  Plan  for 
Vertical  Package  Conveyor"  was  submitted  to  NAVSEC  August  10,  1972. 
To  the  Contractor’s  knowledge  no  more  valid  source  of  data 
identifying  the  failures  occurring  to  parts  and  systems  of 
vertical  stores  conveyors  is  anywhere  else  available. 

6.2  The  report  identified  above  provides  a valid  statistical  base 
for  the  selecting  failure  modes.  The  FMEA  analysis,  which  will 
be  performed  as  required  by  CDRL  Item  BOOlAH,  will  analyze  each 
item,  system,  or  sub-system,  of  paragraph  4.1  and  will  use  the 
work  sheet  shown  as  Figure  2 of  MIL-STD-1629  (Ships)  as  the 


I 
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basic  analysis  tool.  Failure  modes  for  each  of  the  Items 
selected  for  analysis  will  be  provided  In  the  FMEA  report. 


7.  CRITERIA  FOR  IDENTIFyiNG  CRITICAL  ITEMS 

7.1  Criticality  of  the  effect  of  Item  failure  will  be  established 
using  the  techniques  outlined  In  MIL-STD>1629  (Ships), 
paragraph  5.11  and  5.11.1. 

7.1.1  Criticality  Is  defined  as  the  combination  of  probability  of 
occurrence  and  the  level  of  severity.  A criticality  matrix 
will  be  used  as  the  means  of  Identifying  and  comparing  each 
failure  mode  to  all  other  failure  modes  with  respect  to  the 
ship’s  mission  and  the  Items  functional  output  and  maintenance. 

7. 1.1.1  Severity  Is  classified  as  follows:  (MIL-STD-1629  SHIPS, 

paragraph  5.9.1) 

(a)  Level  1.  Minor.  Characterized  by  any  one  or 

combinations  of  the  following  conditions: 

(1)  No  effect  on  ship’s  mission  capability. 

(2)  Negligible  effect  on  functional  output  of  the 
Item  at  the  Initial  Indenture  level. 

(3)  Other  Indenture  level  Item  degradation  that 
can  be  repaired  by  performing  "adjustment 
type"  maintenance. 

(b)  Level  2.  Major.  Characterized  by  any  one  or 

combination  of  the  following  conditions: 

(1)  Negligible  effect  on  ship’s  mission  capability. 

(2)  Degradation  in  functional  output  of  the  Item 
at  the  Initial  Indenture  level. 

(3)  Other  Indenture  level  Item  failure  that  can 
be  repaired  immediately  within  the  capability 
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of  organization  level  maintenance 


(c)  Level  3,  Critical.  Characterized  by  any  one  or 

combination  of  the  following  conditions: 

(1)  Some  degradation  In  ship's  mission 
capability. 

(2)  Severe  reduction  in  functional  output  of 
the  item  at  the  initial  indenture  level. 

(3)  Other  Indenture  level  Item  failure  that 
cannot  be  repaired  immediately  within  the 
capability  of  organizational  (shipboard) 
level  maintenance. 

(d)  Level  4.  Catastrophic.  Characterized  by  any  one 

or  combination  of  the  following  conditions: 

(1)  Severe  reduction  in  ship's  mission  capability. 

(2)  Complete  functional  output  loss  of  the  Item  at 
the  Initial  indenture  level. 

(3)  Other  indenture  level  item  failure  requiring 
tender  or  depot  maintenance  repair. 

The  level  of  severity  selected  shall  be  the  highest  level  an 
item  falls  under,  regardless  of  whether  a lower  classification 
is  also  applicable. 

7.1. 1.2  Failure  probability  shall  be  assessed  in  both  quantitative 

and  qualitative  terms  (MIL>STD-1629  [SHlPS],  paragraphs  5.10, 
5.10.1,  5.10.2,  5.10.2.1  and  5.10.2.2). 

Failure  Probability  Level  Guidllnes 

Qualitative.  The  following  sample  guidelines  are  suggested 
for  developing  definitions  for  failure  probability  levels 
in  qualitative  terms: 


(a)  Level  1 - Failure  mode  probability  very  low. 

A negligible  chance  of  occurrence  during  the 
item  operating  time  interval. 

(b)  Level  2 - Failure  niode  probability  low.  An 
unlikely  chance  of  occurrence  during  item 
operating  time  interval. 

(c)  Level  3 - Failure  mode  probability  medium.  A 
random  fifty/fifty  chance  of  occurrence  during 
item  operating  time  interval. 

(d)  Level  4 - Failure  mode  probability  high.  A 
likely  chance  of  occurrence  during  the 
item  operating  time  interval. 

Quantitative.  The  following  sample  guidelines  are  suggested 
for  developing  definitions  for  failure  probability  levels 
in  quantitative  terms: 

(a)  Level  1 • Very  low#  Any  single  failure  mode 
probability  of  occurrence  which  is  less  than  0.01 
of  the  overall  probability  of  failure  during  the 
item  operating  time  interval. 

(b)  Level  2 • Low,  Any  single  failure  mode  probability 
of  occurrence  which  is  more  than  0,01  but  less  than 
0.10  of  the  overall  probability  of  failure  during 
the  item  operating  time  interval, 

(c)  Level  3 - Medium.  Any  single  failure  mode  probability 
of  occurrence  which  is  more  than  0,10  but  less  than 


0.20  of  the  overall  probability  of  failure  during 
the  item  operating  time  interval. 

(d)  Level  4 - High.  Ahy  single  failure  mode  probability 


of  occurrence  which  is  more  than  0*20  of  the 
overall  probability  of  failure  during  the  Item 
operating  time  interv*.!. 

These  recommended  definitions  shall  be  modified  or  expanded 
as  necessary,  depending  on  the  system  or  equipment  being 
analyzed  and  the  amount  of  failure  data  available  for  the  type 
of  hardware  involved. 

8.  FMEA  ITEM  SELECTICTt  RATIONALE 

8.1  The  items  selected  for  FMEA  analysis  were  selected  based  on 
the  following  rationale: 

(a)  any  item  the  failure  of  which  would  prevent  conveyor 
operation, 

(b)  any  item  the  failure  of  which  would  affect  the  operation 

of  another  system  or  sub-system.  Example:  failure  of 

the  loader /unloader  microswitch  jam  sensing  switch  would 
not  prevent  or  interfere  with  conveyor  operation. 

However,  should  a Jam  occur,  the  mlcroswltch  would  fail 
to  operate  and  serious  damage  could  result  since  motor 
current  would  continue  until  either 

- cut-off  by  the  lOL, 

- cut-off  by  the  thermal  overload  protection  device. 
Failure  of  these  systems  to  function  would  eventually  force 
the  torque  limiter  to  slip* 

(c)  any  item  the  failure  of  which  should  be  repaired  to 

continue  efficient  conveyor  operation  or  to  minimize  the 
possibility  of  eventual  damage  or  wear  to  other  systems, 
sub-systems  or  components.  Example:  freeze-up  of  a guide 

arm  cam  follower.  By  itself  this  failure  is  not  overly 
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detrimental » however*  the  frozen  bearing  would  slide 
instead  of  roll  along  the  track  causing  eventual  wear 
to  the  track  and  bottom  and  top  cam  plates.  Additional 
power  would  be  required.  If  enough  cam  followers  failed* 
wear  would  be  rapid  and  power  would  exceed  the  limits  of 
the  lOL  or  thermal  overload  causing  these  devices  to  cut 
motor  current. 

9.  ANALYSIS 

The  following  sub*system  analyses  will  cover  only  those  failures  which 
result  in  a frequency  or  severity  level  of  three  or  four.  In  each 
case  the  recommended  corrective  action*  effect  on  personnel  safety  and 
a discussion  of  the  actual  probability  of  failure*  during  an  average 
operating  cycle  of  5*000  hours  between  overhauls  will  be  provided. 

Each  failure  node  at  the  three  and  four  levels  will  be  separately 
discussed. 

9.1  Analysis  of  Drive  System  • Refer  to  Figures  8 and  8(a)  and  the 
nSA  working  papers  regarding  the  Drive  Systea. 

9.1.1  Motor  (10.2) 

9.1. 1.1  Failure  Mode  10.2.01  - Ho  RIM  - This  failure  is 
generally  caused  by  failure  of  the  notor  windings. 

The  probability  factor  is  extremely  low*  however* 
failure  of  the  motor  winding  will  cause  the 
conveyor  to  be  completely  inoperative.  There  is 
no  significant  personnel  safety  hazard  connected 
with  failure  of  the  motor.  Corrective  action  Is 
limited  to  replacing  the  motor  or  removing  the 
notor  and  repairing  the  windings. 

9. 1.1. 2 Failure  Mode  10.2.0A  - Runs  Rough.  This  failure  is 
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generally  caused  by  bad  bearings.  If  allowed  to 
continue  the  armature  will  eventually  bind  and  fail 
the  motor,  causing  loss  of  conveyor  operation.  No 
personnel  safety  hazard  is  involved  and  the  actual 
probability  of  occurrence  is  extremely  low.  Corrective 
action  is  to  remove  and  repair  the  motor  immediately 
upon  noting  the  condition. 

9. 1.1. 3 Failure  Mode  10.2.05  - On-Off  Operation.  This  type 

of  failure  can  be  caused  by  partially  shorted  windings 
or  by  bad  bearings  which  allow  the  armature  to  bind 
Intermittently.  Probability  of  failure  is  extremely 
low  - no  particular  personnel  safety  hazard  involved. 
Corrective  action  is  limited  to  replacing  the  motor 
or  removing  the  motor  for  repair. 

9.1.2  Reducer  (10.4) 

9. 1.2.1  Failure  Mode  10.4.01  - No  RPM.  This  failure  mode  can 
be  the  result  of  a broken  worm  gear,  stripped  worm 
or  gear  teeth,  failed  or  frozen  bearings,  broken 
input  shaft,  broken  or  sheared  keys,  etc.  These 
failures  are  mechanical  and  will  result  in  conveyor 
stoppage.  There  is  some  personnel  hazard  involved 

if  the  non-overhauling  properties  of  the  Reducer  are 
jeopardized.  With  proper  lubrication  and  adequate 
inspection,  the  probability  of  this  type  of  failure 
is  low.  Corrective  action  consists  of  removing  and 
repairing  the  Reducer. 

9. 1.2. 2 Failure  Mode  10.4.04  - Load  Travs  Tilt  - Drive  Chains 
Out  of  Synchronization.  This  type  of  failure,  wherein 
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the  load  trays  cock  significantly  Increases  the 
chance  of  tray  jamming  as  the  trays  transition 
through  the  tall  and  head  cam  plates.  With  the 
single  side  control  principle  embodied  in  the  new 
conveyor  design,  the  probability  of  this  type  of 
failure  has  been  significantly  reduced  due  to  the 
forgiving  nature  of  the  new  design.  However,  tray 
cocking  must  be  corrected  whenever  noted  or  a jam 
will  eventually  occur  which,  in  addition  to 
causing  loss  of  conveyor  operation,  may  do 
substantial  damage  to  the  cam  plates,  the  track, 
package  shields,  trays  and  tray  mounting  devices. 
Little  or  no  personnel  hazard.  Corrective  action 
should  be  taken  immediately  and  will  usually  consist 
of  reworking  keyways  and  replacing  keys. 

9.1. 2. 3 Failure  Mode  10.4.02  - Runs  Rough  - Runs  Noisy. 

This  type  of  failure  must  be  corrected  when  noted 

by  replacing  the  bad  bearings.  If  allowed  to  continue 
the  bearing  could  fall  resulting  in  damage  to  the 
Reducer  Worm  Gear  and/or  the  Reducer  Ring  Gear; 
failure  of  the  Reducer  will  cause  loss  of  conveyor 
operation.  Probability  of  failure  is  low  but  is 
enhanced  by  negligent  maintenance  practices.  Little 
or  no  safety  hazard  to  personnel  except  for  possible 
loss  of  the  non-overhauling  feature  of  the  Reducer. 

9. 1.2. 4 Failure  Mode  10.4.03  - Reducer  Runs  Hot  - May  3e 
Noisy  - Input  Shaft  Hard  to  Turn.  These  symptoms 
indicate  that  the  Reducer  lubricant  has  been  lost,  is 
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contaminated,  has  been  improperly  applied,  etc. 

Damage  may  be  significant  when  noted.  The  Reducer 
should  be  removed,  opened,  and  checked  for  worm  and 
gear  wear,  for  bearing  wear,  for  adequate  seals.  No 
personnel  safety  hazard  unless  Ignored.  This  type 
of  failure  is  preventable  by  good  periodic  maintenance 
and  adequate  inspection.  The  Contractor  has  noted 
Instances  of  total  Reducer  neglect,  which,  unless 
disciplined,  will  lead  to  loss  of  conveyor  operation 
and  expensive  Reducer  damage. 

9.1.3  Coupling  (10.6) 

9. 1.3.1  Failure  Mode  10.6.02  - Torsional  Stress  Failure. 

This  type  of  failure  is  extremely  remote  unless  the 
coupling  material  is  seriously  defective.  Failure 
will  result  if  tray  cocking  with  associated  incipient 
Jams  at  the  head  or  tall  cam  plates  and  incipient 
damage  to  conveyor  parts  and  loss  of  conveyor  operation 
Little  or  no  personnel  hazard  involved.  Condition 
must  be  corrected  immediately  by  coupling  replacement. 

9. 1.3. 2 Failure  Mode  10.6.03  - Stress  Failure  of  Key  (s). 

The  key  stress  is  very  low  under  full  jam  conditions 
which  indicates  that  this  type  of  failure  Is  very 
remote.  The  same  conditions  apply  as  in  paragraph 
9. 1.3.1.  Immediate  corrective  action  is  necessary 
requiring  replacement  of  the  sheared  or  damaged  keys. 
Careful  inspection  of  the  coupling  and  shaft  keyways 
is  necessary  to  assure  that  the  replacement  key  will 
fit  correctly. 


9. 1.4.2  Failure  Mode  10.7.03  - Coupling  or  Sprocket  Kev 
Stress  Failure.  Failure  mode  highly  improbable  since 
the  keys  are  under  low  stress  during  jam  conditions. 
Failure  results  are  identical  to  those  described 
under  Failure  Mode  10.7.02  (paragraph  9. 1.4.1) 

9. 1.4.3  Failure  Mode  10.7.01  - Worn  or  Distorted  Keyways 
and/or  Keys  at  Coupling  and/or  Sprockets.  Worn  or 
distorted  keys  and/or  keyways  may  allow  trays  to 
cock  with  increased  propensity  to  jam  as  the  tray 
transition  through  the  cam  plates.  This  type  of 
failure  is  highly  improbable  due  to  the  low  key 
stress.  No  particular  hazard  to  personnel.  Worn 
or  distorted  keys  and/or  keyway  can  be  detected  by 
inspection  and  must  be  repaired  when  noted. 

9.1.5  Bearing  (10.8) 

9. 1.5.1  Failure  Mode  10.8.01  - Frozen  Bearing.  This  type  of 
failure  is  highly  improbable  since  the  pillow  block 
bearings  have  been  sized  generously  and  since 
inspection  and  periodic  maintenance  procedures  should 
detect  and  prevent  occurrence.  Failure  will  result 
in  the  loss  of  conveyor  operation  and  will  be 
immediately  detectlble.  The  motor  is  protected  by 
the  lOL  and  the  thermal  overload  device.  No 
personnel  hazard  since  the  conveyor  will  not  move. 
Usual  cause  is  corrosion  contamination  caused  by 
negligent  periodic  maintenance.  Bearing  must  be 
replaced  - bearing  repair  is  not  recommended. 
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9.1.6  Drive  Sprocket  (10.9) 

9. 1.6.1  Failure  Mode  1C.9..02  - Sprocket  Key  Stress  Failure. 
Failure  highly  improbable  because  of  the  low  stress 
in  the  key.  Should  a key  fail  the  results  will  be 
identical  to  those  described  under  Coupling  Failures 
(paragraphs  9.1.3.1,  9. 1.3. 2 and  9. 1.3.3)  and  Jack 
Shaft  Failures  (paragraphs  9. 1.4.1,  9. 1.4. 2 and  9. 1.4. 3). 

9. 1.6.2  Failure  Mode  10.9.01  - Worn  or  Distorted  Keyways 


and/or  Kev.^  at  Sprockets.  This  type  of  failure 
produces  the  same  results  as  that  described  under 
Jack  Shaft's  Failure  Mode  10.7.01  (paragraph  9. 1.4.3). 
9.1.7  Drive  Chain  (10.10) 


9. 1.7.1  Failure  Mode  10.10.01  - Stretched  or  Distorted  Chain. 


Stretched  chain  can  cause  cocking  of  the  carrier 
trays  increasing  the  propensity  of  the  trays  to  jam 
at  the  head  and  tail  cam  plates.  This  condition  has 
been  previously  discussed.  The  chains  operate  at 
a factor  of  safety  of  not  less  than  10  to  one, 
reducing  the  probability  of  this  type  of  failure 
significantly.  Stretched  chain,  when  detected  by 
inspection,  should  be  replaced  immediately.  No 
particular  personnel  hazard. 

9.2  Analysis  of  Conveyor  Structure  - Refer  to  Figures  9 and  9 (a) 


and  the  FMEA  Working  Paper  Regarding  the  Conveyor  Structure 


9.2.1  Trunk  (20.1) 

9.2. 1.1  (a)  It  is  possible  to  introduce  stresses  into  the 

trunk  at  installation  if  installation  procedures 
are  not  followed  by  the  installation  mechanics. 


w 
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The  base  plate»  usually  furnished  by  the  shipbuilders 
must  be  flat  and  square  across  comers*  W.  iing  must 
be  done  carefully  to  minimize  the  effects  of  weld 
shrinkage  at  the  deck  openings*  There  are  no 
Level  Three  or  Four  categories  to  consider* 

(b)  The  Contractor  is  recommending  that  the  trunk 
be  welded  to  the  deck  collar  using  a "Z"  configured 
filler  weld  plate  to  achieve  flexibility*  This 
design  avoids  the  problem  of  weld  shrinkage  and 
minimizes  shear  loads  at  the  deck  openings* 

9*3  Analysis  of  Operating  System  - ilefer  to  Figures  10  and  10  (a)  and 
the  FMEA  Working  Papers  Regarding  the  Operating  System* 

9*3*1  Head  Cam  Plate  (30*1) 

9*3*1* 1 Failure  Mode  30*1*02  - Tracks  Broken.  Jamming  at  the 
head  cam  plate  historically  has  occurred  as  a result 
of  tray  cocking  caused  by  worn  keys,  keyways,  improper 
tensioning  of  the  drive  chains  and  packages  left  on 
trays*  This  cam  plate  design  controls  the  tray 
transition  from  vertical  to  horizontal  or  horizontal 
to  vertical  from  one  side  of  cam  plate  — never  is 
control  on  both  sides  simultaneously  as  in  previous 
designs*  This  results  in  a much  more  forgiving  design 
capable  of  tolerating  significant  ainounts  of  tray 
cocking  without  jamming*  Thus  the  propensity  for 
Jamming  at  the  head  cam  plate  is  greatly  reduced. 
Broken  tracks  will  cause  jams  and  should  be  repaired 

t 

immediately*  Should  a jam  occur  at  the  head  cam 
plate,  both  left  and  right  cam  plates  must  be 
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Inspected  and  damage  repaired  before  continuing 
operation.  Personnel  hazard  Is  slight  but  resultant 
damage  to  trays  and  tray  mounting  devices  could  be 
extensive. 

9.3.2  Head  Shaft  (30.2) 

9. 3. 2.1  Failure  Mode  30.2.02  - Torsional  Stress  Failure. 

The  torsional  stresses  in  the  head  shaft  are  well 
within  design  limits  even  under  the  worst  jam  conditions. 
Therefore,  the  probability  of  torsional  failure  Is  remote 
unless  the  material  is  faulty.  A complete  separation 
would  dump  all  loads  with  associated  resultant  damage 
and  possibility  of  loads  striking  operating  personnel  — 
a head  shaft  separation  has  never  been  experienced. 

Proper  Inspection  and  checking  all  reasons  for  tray 
cocking  should  reveal  Incipient  failure  and  the  stressed 
shaft  replaced. 

9. 3. 2. 2 Failure  Mode  30.2.03  - Sprocket  Key  Stress  Failure. 
Complete  stress  failure  of  the  driven  sprocket  or 
carrier  sprocket  keys  will  allow  the  failed  side  to 
spin  free  creating  tray  cocking  and  Imposing  stresses 
on  the  holding  side.  Jams  will  occur  at  the  head 
and  tall  cam  plates.  The  key  stresses  are  low; 
therefore,  the  probability  of  failure  is  remote. 

Personnel  hazard  Is  minimal.  A completely  failed  key 
is  immediately  detectlble  and  must  be  replaced. 

9.3. 2.3  Failure  Mode  30.2.01  - Worn  or  Distorted  Keyways  or 
Keys  at  the  Driven  Sprocket.  This  type  of  failure 
results  In  tray  cocking  with  associated  possibility 
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of  jannning  at  the  head  and  tall  cam  plates.  Disciplined 
Inspection  to  detect  worn  or  distorted  keys  or  keyways 
will  enable  replacement  before  cocking  becomes  Intolerable 
for  the  cam  plates  to  handle.  Hazard  to  personnel  is 
minimal.  This  condition  results  from  repeated 
pounding  of  the  keys  and  keyways  usually  caused  by 
jams.  Since  the  conveyor  is  protected  against  jams  by 
a variety  of  safety  devices  (see  Safety  Devices  No.  50) 
the  possibility  of  jams  has  been  significantly  reduced. 

9.3.3  Head  Shaft  Bearing  (30.3) 

9.3.3. 1 Failure  Mode  30.3.01  - Frozen  Bearings.  Failure  results 
in  loss  of  conveyor  operation.  Primary  cause  is 
corrosion  contamination.  Proper  maintenance  will  do 
much  to  preclude  failure  occurring.  No  personnel 
hazard.  Failed  bearing  must  be  removed  and  replaced. 

9.3.4  Head  Shaft  Bearing  Housing  (30.4) 

9.3.4. 1 Failure  Mode  30.4.01  - Housing  Cracked  or  Broken 
Failure  can  cause  bearing  to  seize,  stopping  conveyor 
operation.  Probability  extremely  remote  and  has  never 
been  experienced  by  Contractor.  Minimal  personnel 
hazard.  Depending  on  type,  location  and  severity  of 
cracks  or  breaks,  trays  can  cock  with  associated  danger 
of  jamming.  Minor  cracks  are  difficult  to  detect 
unless  associated  with  symptoms  noted  herein.  Faulty 
housing  must  be  replaced. 

9.3.5  Head  Shaft  Sprocket  (30.5) 

9.3.5. 1 Failure  Mode  30.5.02  - Sprocket  Key  Stress  Failure 
Same  as  Failure  Mode  30.2.03  (see  paragraph  9. 3. 2. 2). 
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9.3.6  Carrier  Chain  (30.6) 

9. 3. 6.1  Failure  Mode  30.6.01  - Stretched  or  Distorted 

Carrier  Chain.  The  new  conveyor  design  Is  equipped  with 
a chain  tensioning  device  which  pre-sets  chain  tension 
to  a value  selected  to  match  the  load  capacity  of  the 
conveyor.  In  addition  the  factor  of  safety  of  the 
chain  ranges  from  a low  of  14  to  one  for  the  longest 
conveyor  to  99  to  one  for  the  shortest  conveyor. 
Accordingly » chain  stretch  is  almost  eliminated  as  a 
problem.  Chain  distortion  or  chain  stretch  could 
happen  if  one  side  of  the  system  became  disengaged 
as  with  a head  shaft  separation;  or»  should  a bolt, 
nut,  or  other  foreign  material  force  the  chain  out 
of  it's  normal  sprocket  engagement.  Most  frequent 
symptom  would  be  tray  cocking,  ^ich  if  noted,  should 
be  checked  immediately  and  corrective  action  taken. 

(Note  - other  causes  of  tray  cocking  have  been  noted 
and  discussed  in  this  Analysis  Section). 

9.3.7  Carrier  Link  (30.7) 

9.3.7. 1 Failure  Mode  30.7.01  - Stretched  or  Distorted  Link. 

The  probability  of  this  type  of  failure  occurring  is 
extremely  remote  due  to  the  low  stresses  in  the  chain 
link  under  the  most  severe  Jam  conditions.  Failure 
would  visualize  as  a cocked  tray.  Corrective  action 
would  be  to  replace  the  offending  link;  personnel 
hazard  is  minimal. 

9.3.8  Chain  Pin  (30.8) 

9. 3. 8.1  Failure  Mode  30.8.01  - Disengagement  of  Chain  Pin. 
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Paragraph  9»3.6.1  identifies  the  factor  of  safety 
applicable  to  the  chain.  The  chain  pin  has  been 
designed  to  keep  stresses  low  in  concert  with  the  chain 
factor  of  safety.  However,  chain  pins  can  disengage 
if  not  properly  installed.  This  is  a human  factor 
and  therefore,  probability  is  impossible  to  determine. 
Should  a chain  pin  totally  disengage,  the  chain  would 
separate,  dropping  all  loads.  Damage  could  be 
extensive;  personnel  could  be  struck  by  loads  tumbling 
through  doors.  Checking  chain  pin  engagement  during 
periodic  inspection  and  maintenance  assures  that  this 
type  of  failure  is  avoided. 

9.3.9  Carrier  Shaft  (30.9) 

9.3.9. 1 Failure  Mode  30.9.01  - Excessive  Torsional  Stress 


Causing  Shaft  to  be  Bent  or  Broken.  The  combined 
torsional  and  bending  stresses  in  the  carrier  shaft 
are  within  allowable  limits  under  the  worst  jam 
conditions.  Probability  of  torsional  failure  is  low. 
Should  failure  occur,  the  trays  would  twist,  exposing 
the  conveyor  to  jams  at  the  head  and  tail  cam  plates. 
Hazard  to  personnel  is  low;  however,  damage  may  be 
extensive  to  trays  and  tracks. 

9.3.10  Guide  Arm  (30.10) 

9.3.10.1  Failure  Mode  30.10.01  > Key  Shear  Limit  Exceeded. 


The  key  shear  stress  is  low;  therefore,  the  probability 
of  this  type  of  failurp  occurring  is  remote.  Should 
the  key  fall  the  tray  would  be  stabilized  by  the 
opposite  side.  However,  during  transition  through 


the  cam  plates  control  of  tray  movement  is  passed 
from  one  side  to  the  other  and  Jams  are  likely. 

A sheared  key  can  occur  only  during  jam.  When 
clearing  a jam*  the  keys  must  be  Inspected  and 
replaced  If  damaged.  No  hazard  to  personnel. 

9.3.11  Guide  Arm  Cap  (30.11) 

9.3.11.1  Failure  Mode  30.11.01  - Cap  Shear  Limit  Exceeded. 

This  type  of  failure  will  produce  Identical  results 
to  those  Identified  under  Failure  Mode  30.10.01 
(paragraph  9.3.10.1).  Inspection  of  guide  arm  keys 
and  caps  after  severe  jam»  l.e.  fully  loaded 
conveyor  In  strlke»down  operation  is  mandatory. 

9.3.12  Front  Track  (30.15) 

9.3.12.1  Failure  Mode  30.15.02  - Tracks  Broken.  The  front 
track  will  be  treated  as  the  track  guiding  the  center* 
line  mounted  flanged  cam  follower;  the  rear  track  will 
be  treated  as  the  tray  guiding  the  45  degree  am 
mounted  roller.  Calculations  show  that  the  tray 
will  pivot  at  the  jam  point  under  the  force  exerted 
by  the  chain  pull.  The  worst  possible  jam  condition 
will  be  a jam  at  a lower  door  coaming  with  a fully* 
loaded  conveyor  of  40  total  trays > 20  loaded  to  100 
pounds  each.  Under  these  conditions » there  Is  little 
or  no  load  on  the  "front  track".  The  resisting 
moment  Is  provided  by  the  45  degree  guide  am  acting 
on  the  "rear  track".  The  highest  stress  occurs 
therefore,  in  the  single  section  "rear  track".  This 
stress  exceeds  the  allowable  stress  of  extruded 
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aluminum  by  16  percent  (allowable  stress  70  percent 
of  tensile  yield).  However,  the  tensile  yield  is 
not  exceeded  and  the  design  is  safe  and  should  not 
break  or  deform  under  the  worst  jam  conditions.  A 
minor  design  modification  will  bring  the  design  into 
the  "allowable  stress  range".  Broken  or  deformed 
track  must  be  replaced  when  noted.  Broken  or  deformed 
track  presents  no  personnel  hazard  but  may  lead  to 
interrupted  conveyor  operation  and  serious  damage 
should  a guide  roller  escape  track  confinement. 

9.3.13  Rear  Track  (30.16) 

9.3.13.1  Failure  Mode  30.16.02  - Tracks  Broken.  The  analysis 
of  paragraph  9.3 .12.1  applies  to  this  failure  mode. 

9.3.14  Tail  Cam  Plate  (30.17) 

9.3.14.1  Failure  Mode  30.17,02  ■»  Cam  Tracks  Broken.  The 
analysis  of  paragraph  9.3. 1.1  applies  to  this  failure 
mode. 

9.3.15  Tail  Shaft  Bearings  (30.19) 

9.3.15.1  Failure  Mode  30.19.01  - Frozen  Bearings.  The  analysis 
of  paragraph  9.3.3. 1 applies  to  this  failure  mode. 

9.3.16  Head  Driven  Sprocket  (30.21) 

9.3.16.1  Failure  Mode  30.21.02  » Sprocket  Key  Stress  Failure. 

The  analysis  of  paragraph  9. 3. 2. 2 applies  to  this 
failure  mode. 

9.3.16.2  Failure  Hode  30.21.01  » Worn  or  Distorted  Kevwavs  and/or 
Keys  at  Sprockets.  The  analysis  of  paragraph  9. 3. 2. 3 
applies  to  this  failure  mode. 
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9,4  Analysis  of  Control  System  - Refer  to  Figures  11  and  11  (a)  and 
the  FMEA  Working  Papers  Regarding  the  Control  System 
9.4,1  Thermal  Overload  (40,1,2) 

9. 4,1.1  Failure  Mode  40,1.2.1  - One  or  More  Heater  Elements 
Inoperative.  In  a three*phase  circuit  a thermal 
overload  heater  coil  is  inserted  in  each  phase.  One 
of  the  phases  contains  the  current  sensing  coil  for 
the  instantaneous  overload  device.  If  a thermal  over- 
load heater  coll  fails  in  a phase  not  containing  the 
IOL»  the  lOL  will  sense  the  increase  in  current  and 
shut  off  power  to  the  motor  windings.  If  the  thermal 
overload  heater  coil  fails  in  the  phase  containing 
the  lOL  sensing  coil»  the  lOL  coll  will  not  sense  the 
increased  current  draw  and  the  motor  windings  will 
overheat  and  eventually  burn.  The  failure  visualizes 
as  refusal  of  the  motor  to  start*  Loss  of  a thermal 
overload  heater  coil  means  the  conveyor  will  not  run. 
Because  of  the  dauge  which  may  occur  if  the  operator 
continues  to  apply  current  to  the  motor  under  the 
conditions  outlined  above,  the  contractor  recoomends 
ionediate  corrective  action  should  the  motor  not  start 
when  the  circuit  is  energized.  The  contractor  has  not 
experienced  a starter  coil  failure,  therefore  must 
conclude  that  the  probability  of  failure  is  low.  No 
personnel  safety  hazard  Invisioned  even  though  failure 
could  occur  while  operating  with  s fully- loaded 
conveyor  since  the  non-overhauling  properties  of  the 
Hedr  er  will  pccvent  run-away  loads. 
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9.4.2  Instantaneous  Overload  (40,1,3) 

9.4.2. 1 Failure  Mode  40,1,3,1  - Burned  or  Interrupted  Coll. 

The  relationship  of  the  thermal  overload  he-ter  coils 
to  the  Instantaneous  overload  sensing  coll  is  described 
in  paragraph  9. 4, 1,1.  Sb''uld  the  lOL  sensing  coil 
fall)  the  motor  will  single  phase  causing  increased 
current  draw  to  heat  and  activate  the  thermal  overload. 
Conveyor  operation  is  lost  until  the  lOL  coil  is 
replaced.  No  personnel  hazard  --  probability  of 
failure  low  --  the  contractor  has  not  experienced  a 
loss  of  a properly  sized  lOL  coil, 

9.4.3  Instantaneous  Overload  By-pass  Timer  (40,1,4) 

9.4.3. 1 Failure  Mode  40,1,4.1  - Burned  or  Interrupted  Coil. 

This  type  of  failure  prevents  motor  operation  because 
the  initial  surge  of  current  at  motor  start  will  be 
sensed  by  the  lOL  sensing  coil  which  will  trip  the  lOL 
and  de-activate  the  circuit.  Conveyor  may  be  operated 
using  the  Emergency  Run  Switch,  Normal  continuous 
conveyor  operation  is  lost  until  the  lOL  coil  is 
replaced.  Probability  of  failure  is  low  with  a 
properly  sized  coil  --  no  personnel  safety  hazard. 

9. 4. 3. 2 Failure  Mode  40,1,4,2  - Cracked  or  Broken  Bellows, 

This  type  of  failure  has  the  same  effect  as  Failure  Mode 
40.1,4,1  (paragraph  9,4.3, 1).  Essentially  the  lOL 
has  no  by-pass  and,  therefore,  the  lOL  prevents 
motor  operation.  Conveyor  operation  is  lost  until  the 
failure  is  repaired.  No  personnel  safety  involved. 

9. 4. 3. 3 Failure  Mode  40.1.4.3  - Air  Hole  in  Bellows  Plugged, 
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This  type  of  failure  allows  the  lOL  to  by-pass 
current  continuously  effectively  eliminating  the  lOL  as 
a safety  device*  This  failure  is  difficult  to  diagnose 
since  the  conveyor  operates  normally.  However,  should 
a jam  occur  or  other  circumstances  arise  which  causes 
current  surge,  the  lOL  being  inoperative,  will  not 
function  and  will  allow  current  to  continue  to  the 
motor  with  potential  damage  to  the  conveyor  beyond 
that  which  would  have  occurred  had  the  lOL  been 
operative.  Probability  of  this  type  of  failure  is 
low.  No  unusual  personnel  safety  hazard. 

9.4,4  Over-the-door  Jam  Sensing  Relay  (40.1.9) 

9.4,4, 1  Failure  Mode  40,1.9,1  - Burned  or  Shorted  Coil. 


De-activation  of  the  over-the-door  jam  sensing  relay 
prevents  activation  of  the  intermediate  stations. 

The  conveyor  cannot  be  run  except  through  the  Emergency 
Run  circuit  until  the  relay  is  replaced.  Low  failure 
probability.  No  personnel  hazard.  (See  para.  11.3) 

9,4.5  Load/Unload  Jam  Sensing  Relay  (40,1.10) 

9.4,5, 1  Failure  Mode  40,1.10,1  - Burned  or  Shorted  Coil. 


De-actlvatlon  of  the  load/unload  jam  sensing  relay 
de-actlvates  the  ’’down”  circuit.  Conveyor  will  run  in 
the  strlke-up  mode  only.  Probability  of  failure  low. 
No  personnel  hazard. 

9.4.6  Power  ”0n-0ff”  Selector  Switch  (40,2.1) 

9, 4, 6.1  Failure  Mode  40,2.1.1  - Burned  or  Worn  Contacts, 


Failure  cf  the  selector  switch  to  make  contact  results 


in  no  power  to  the  control  circuit.  Conveyor  does  not 


run  until  the  switch  is  replaced  --  the  emergency 
circuit  is  also  Inactive.  Low  probability  - easy  to 
diagnose  > no  personnel  safety  hazard. 

9.4.7  Three-position  Speed  Selector  Switch  (40.2.2) 

9.4.7. 1 Failure  Mode  40.2.2.3  - Burned  or  Worn  Contacts  in 

all  Positions.  Failure  of  the  three-position  switch  to 
make  contact  in  all  positions  results  in  no  power  to 
the  motor  — conveyor  does  not  run  in  normal  or 
emergency  run  modes*  until  failure  is  corrected.  No 
personnel  safety  hazard  --  low  probability  of  all  three 
positions  failing  at  same  time. 

9.4.8  ««Stop  - Push.  On  - Pull»  Switch  (40.3.2) 

9. 4*8.1  Failure  Mode  40.3.2.1  - Burned  or  Worn  Contacts. 

With  this  type  of  failure  contact  is  not  made  when  the 
switch  is  set  in  the  *'0n  - Pull”  position.  The 
conveyor  will  not  run  when  the  UP  or  DOWN  push  buttons 
are  activated  at  any  station  until  the  failure  is 
diagnosed  and  corrected.  No  safety  hazard  to  personnel 
and  very  low  probability  of  failure. 

9. 4. 8. 2 Failure  Mode  40.3.2.2  - Contacts  Welded  Together.  This 
is  a more  serious  failure  than  Failure  Mode  40.3.2.1  and 
results  in  continued  conveyor  operation  when  the  switch 
is  pushed  to  the  STOP  position.  If  allowed  to  run, 

the  conveyor  may  jam  with  associated  mechanical  damage. 
The  conveyor  can  be  stopped  by  interrupting  the  circuit 
by  utilizing  the  over-the-door  jam  sensing  device  or 
by  turning  off  power  at  the  Controller.  Potential 
safety  hazard  if  operator  is  surprized  by  the  lack  of 
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conveyor  response  when  "Push  - Pull"  switch  depressed 
to  STOP  position  and  conveyor  continues  to  run  — may 
cause  operator  to  lose  control  of  load  in  strike-up 
mode  of  conveyor  operation.  Probability  of  failure  is 
low.  Failure  is  immediately  evident.  "Push  - Pull" 
switch  should  be  replaced  before  operation  is  continued 
in  spite  of  the  fact  that  operation  can  be  controlled 
by  utilizing  locally  handy  over-the-door  safety  device. 

9.4.9  Up  - Push  Button  (40,3.3) 

9.4.9. 1 Failure  Mode  - 40.3.3.1  - Burned  or  Worn  Contacts. 
Circuit  will  not  be  energized  when  the  Up  - Push  button 
is  pressed  in  the  UP  direction.  Conveyor  operation 
limited  to  down  direction  only.  Failure  immediately 
evident.  Failed  switch  must  be  replaced  to  operate  in 
UP  direction  at  the  subject  station.  Little  or  no 
personnel  hazard  — probability  of  failure  low. 

9. 4. 9. 2 Failure  Mode  40.3.3.2  - Contacts  Welded  Together. 

With  this  type  of  failure  the  conveyor  will  operate 
immediately  when  the  control  circuit  is  energized. 

May  surprize  operator  and  represents  a serious  failure 
which  must  be  corrected  immediately  upon  noting. 
Conveyor  can  be  stopped  by  depressing  "Push  - Pull" 
switch  or  by  utilizing  the  local ’y  handy  over-the- 
door  jam  sensing  safety  device.  Probability  of 
failure  is  low. 

9.4.10  Down  - Pash  Button  (40.3.4) 

9.4,10.1  Failure  Mode  40.3,4.1  - Burned  or  Worn  Contacts. 

Same  type  of  failure  as  described  under  Failure  Mode 
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40.3.3.1  (see  paragraph  9.4. 9.1). 

9.4,10.2  Failure  Mode  40.3,4.2  - Contacts  Welded  Together. 

Same  type  of  failure  as  described  under  Failure 
Mode  40.3.3.2  (see  paragraph  9. 4. 9. 2). 

9.5  Analysis  of  Safety  Devices  ■ Refer  to  Figures  12  and  12  (a)  and 

the  FMEA  Working  Papers  Regarding  the  Safety  Devices. 

9.5.1  Bottom  Overtravel  Limit  Switch  (50.5) 

9.5. 1,1  Failure  Mode  50.5.01  - Bottom  Overtravel  Limit 

Switch  Locked  Open.  Failure  in  this  mode  means  that 
the  conveyor  is  inoperative  in  the  down  direction. 

Switch  must  be  replaced.  This  type  of  failure  is 
usually  mechanical  in  nature  and  rare  among  comnerclal 
micro-switches.  No  hazard  to  personnel. 

9.5.2  Failure  Mode  50.6.01  - Loader/Unloader  Interlock  Switch  is 

Locked  Open.  Identical  to  Failure  Mode  50.5.01  (see  para,  9. 5. 1.1). 

9.5.3  Failure  Mode  50.7,01  - Loader/Unloader  Jam  Sensing  Switch  is 
Locked  Open.  Identical  to  Failure  Mode  50,5.01  (see  para- 
graph 9*5. 1.1). 

9.5.4  Failure  Mode  50.8.01  - Top  Overtravel  Switch  Locked  Open. 

Failure  in  this  mode  means  that  the  conveyor  is  inoperative  in 
the  up  direction.  Switch  must  be  replaced.  This  type  of 
failure  is  usually  mechanical  in  nature  and  rare  among  commercial 
micro-switches.  No  hazard  to  personnel. 

9.5.5  Failure  Mode  50.9.01  - Over-the-door  Jam  Sensing  Switch  Locked 
Open.  This  type  of  failure  means  that  the  conveyor  is  inopera- 
tive in  both  up  and  down  directions.  The  failed  switch  must 
be  located  and  replaced.  This  type  of  failure  is  usually 
mechanical  in  nature  and  rare  among  commercial  micro- switches* 


No  hazard  to  personnel. 
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9.6  Analysis  of  Load/Unload  Device  - Refer  to  Figures  13  and  13  (a) 

and  to  the  FMEA  Working  Papers  Regarding  the  Load/Unload  Device 

9.6.1  Mounting  and  Stowing  Bracket  R.H.  (60.3). 

9.6.1. 1 Failure  Mode  60.2.01  - Bent  Bracket.  Bent  or 
distorted  mounting  brackets  may  make  it  difficult 
or  Impossible  to  place  the  load/unloader  in  the 
load,  unload  or  stowed  positions.  Inability  to 
seat  the  load/unloadcr  in  the  unload  or  stowed 
positions  properly  will  not  allow  the  down 
circuitry  to  be  completed,  resulting  in  loss  of 
conveyor  operation  in  the  down  direction. 

Inability  to  seat  the  load/unloader  in  the  load 
position  properly  may  allow  the  down  direction 
circuitry  to  remain  completed  allowing  strike- 
down  operation  normally  prevented  by  the  load/ 
unloader  interlock  switches.  These  failures  are 
easily  detectible  allowing  Immediate  corrective 
action.  Probability  is  low  --  personnel  hazard 
is  minimal. 

9.6.2  Mounting  and  Stowing  Bracket  L.H.  (60.4) 

9. 6. 2.1  Failure  Mode  60.3.01  - Bent  Bracket.  This  failure 
mode  is  identical  to  Failure  Mode  60.2.01  (see 
paragraph  9.6. 1.1). 

9.6.3  Platform  Depress  Mechanism  L.H.  (60.4^) 

9. 6. 3.1  Failure  Mode  60.4.01  - Binding  of  Guide  Shaft  in 
Guide  Plate  Slide.  If  the  guide  shaft  binds  in 

the  guide  plate  slide,  the  platform  will  not  depress 
in  the  event  of  a jam.  Protection  against  strike- 


down  jam  Is  lost  at  the  subject  station.  Also, 
binding  will  make  it  Impossible  to  position  the 
load/unload  device  from  the  load  position  to  the 
unload  position,  or,  from  the  unload  position  to 
the  load  position  dependant  on  which  position  the 
load/unload  device  was  in  when  the  binding  occurred. 
Failure  is  easily  detectlble  and  must  be 
corrected  idien  noted.  Failure  probability  is  low. 
Personnel  hazard  minimal. 

9. 6. 3. 2 Failure  Mode  60.4.02  - Binding  in  the  Guide 
Plate  Slide.  This  type  of  failure  produces 
Identical  results  as  Failure  Mode  60.4.01  (see 
paragraph  9.6.3. 1). 

9. 6. 3. 3 Failure  Mode  60.4.03  - Pins  Work  Out  of  Connecting 
Arms.  If  the  pins  work  out  of  the  connecting 
arms,  the  loader/unloader  spring  tension  will  be 
lost,  medclng  it  impossible  to  position  the  load/ 
unloader  in  the  unload  position.  Conveyor  operation 
in  the  down  position  will  be  lost.  Failure  is 
easily  detectlble  and  must  be  corrected  immediately. 
Probability  is  low  — minimal  personnel  hazard. 

9. 6. 3. 4 Failure  Mode  60.4.06  - Broken  Spring.  Failure  of 
the  load/unloader  spring  will  make  it  impossible 
to  place  the  load/unloader  in  the  unload  position 
resulting  in  loss  of  downward  conveyor  operation. 
Failure  is  easily  detectlble  and  must  be  corrected 
immediately.  Probability  is  low.  Personnel 
hazard  is  minimal. 
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9.6.4  Platform  Depress  Mechanism  R.H.  (60.5) 


9.6.4. 1 Failure  Mode  60.5.01  - Binding  of  Guide  Shaft 

in  Guide  Plate  Slide.  Failure  identical  to  Failure 
Mode  60.4.01  (see  paragraph  9. 6. 3.1). 

9. 6. 4.2  Failure  Mode  60.5.02  - Binding  in  Guide  Plate  Slide. 
Failure  is  Identical  to  Failure  Mode  60.4.02 

(see  paragraph  9. 6. 3. 2). 

9. 6. 4.3  Failure  Mode  60.5.03  - Pins  Work  Out  of  Connecting 
Arms.  Failure  is  identical  to  Failure  Mode  60.4,03 
(see  paragraph  9. 6. 3. 3), 

9. 6. 4.4  Failure  Mode  60.5.06  - Broken  Spring.  Failure  is 
Identical  to  Failure  Mode  60.4.06  (see  paragraph 
9. 6. 3. 4). 

9.6.5  Cross  Shaft  (60.6) 

9.6.5. 1 Failure  Mode  60.6.01  - Loose  Coupling.  Loose 

couplings  would  make  it  difficult  or  Impossible  to 
position  the  loader/unloader  in  the  unload  position. 
Conveyor  operation  in  the  strike-down  mode  would  be 
lost.  Loader/unloader  may  cock  or  tilt.  Failure 
easily  detectlble  and  must  be  corrected  when 
noted.  Probability  is  low  — minimal  personnel 
hazard. 


- 41  - 


Indenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
ndenture  Level  No.  4 


NVEYOR  SYSTEM 

rsteni 


B£RO.BI 


Output  specification 

Failure  Mode 

Possible  causes 

Symptoms- 

Effect  of  Failure 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

10.2  Motor 

10.2.01 

No  RPM 

Burned  Winding 

i High  Current 

Current 

Conveyor 

(1800,  1200  & 

Interrupt 

Inoperative 

900  RPM) 

In.sulation 

High  Current 

Current 

Conveyor 

Breakdown 

Interrupt 

Inoperative 

Bearing 

High  Current 

Current 

Conveyor 

Failure 

Interrupt 

Inoperative 

Powers  Conveyor 

10.2.02 

Will  not  run  at 

1200  RPM 

Speed  Selectio 

i Same  as 

Conveyor 

and  allows  a 

1200  RPM 

Winding  Burned 

Limited  to 

Symptom 

Operation 

selection  of  J- 

Out 

1800  and  900 

Limited  to 

speeds;  8,  10,7 

16  and  8 

and  16  trays  per 

trays  per 

minute 

minute 

10.2.03 

Will  not  run  at 

1800  and  900 

Speed  selectio 

1 Same  as 

Conveyor 

1800  and  900 

RPM  Windings 

llmltf'd  to 

Symptom 

Operation 

RPM 

Burned  Out 

1200  RPM 

1 Imi t ed  to 

10.7  trays 

per  minute 

10.2.04 

Runs  Rough 

Bad  Bearfngs(s 

Vibration 

Vibration 

Emi nent 

Indicating 

Loss  of 

Eminent 

Conveyor 

Bearing 

Operation 

Failure  - 

Temperature 

Rise 

( 

1 


EALLUB£-M£mE_AMD.  EEFECT  ANALYSIS 
REEOBI 


Contract  No.  N00024-72-C-5500 

Organiratior.  KORNYLAK  CORPORATIUN 

By  ENGINEERING  DEPT.,  KORNYLAK  CORP. 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


APPROVED: 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


idingj;  High  Current  Current  Conveyor 

I Interrupt  Inoperative 


1 I Protected  by  lOL  and  Fuses 


High  Current 


High  Current 


Current 

Interrupt 

Current 

Interrupt 


[Speed  Selectio  i Same  as 
Limited  to  Symptom 
1800  and  900 


Conveyor 

Inoperative 

Cotiveyor 

Inoperative 


Conveyor 
Operation 
Limited  to 
16  and  8 
itrays  per 
minute 


1 I Protected  bv  lOL  and  Fuses 


1 I Protected  by  lOL  and  Fuses 


1 I 1 I Protected  by  70L  and  Fuses 


'00  Ispeed  selectio  i Same  as 
gs  j limited  to  Symptom 
1200  RPM 


gs(s|vibratlon 


Conveyor 
Operation 
limited  to 
10,7  trays 
per  minute 


Vibration  Eminent 
Indicating  Loss  of 
Eminent  Conveyor 

Bearing  Operation 

Failure  - 
Temperature 
Rise 


2 I 1 I Protected  by  lOL  and  Fuses 


1 I Thermal  Overload 
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F-AULUB£,MQD£_ANP_£FrECT  ANALYSIS 
BEPQRT 


Symptoms- 

dttcctibility 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existiiii 

compensating 

provision 


Motor  Shuts 
Down  - High 
Current 


Temperature 
Rise 


Intermitten 
Conveyor 
Operatf on 


None 


Motor  Shuts 
Down  - High 
Current 


Temperature 

Rise 


Intermitten 

Conveyor 

Operation 


None 


Indenture  Level  No.  1 VERTICf 
Indenture  Level  No.  2 ‘Jrlve 
Indenture  Level  No.  3 Torque 
'identure  level  No.  4 


Output  specilication 
functional  description 


CONVEYOR  SYSTEM 

rstem 


EAIJ.UmMQD£Aim£EEECIAftlAL^ 

HEEQBI 


Failure  Mode 


Oeseriptiort 


Putsible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


lokal  Effect  End  Effect 


10.3.01 

Friction  Disc 
worn,  glazed 
f i.ac.tured 

- Improper 

adjustment 

-overheating 

-system 

overloaded 

Conveyor  does 
not  read,  full 
speed 

Motor 

connection 
to  system  • 
slips 

Drive  systei 
is  sluggish 

10.3.02 

Bellwoud  spring 
Is  defective 

-weak  spring 

-corroded 

spring 

Torque  Limiter 
will  not 
Lran.smlt  load 

Motor 
connection 
to  system 
slips 

Drive  systci 
is  sluggish 

10.3.03 

Bearing  failure 

-fractured 
racevsy 
-broken  or 
mls.slng  roller 

Torque  Limiter 
connection 
runs  rough 

* 

Same  as  end 
ef iKCt 

Dr^ve 

system 

vibrates 

10.3.04 

Pre.s.sure  nut 
looser,.*; 

-Improper 
adjustment 
-set  screws 
not  locked 
tight 

Conveyer  docs 
n»>t  reach 
full  speed 

Motor 

connection 
to  .>>yf.uem 
slips 

1 

Drive 

syst«rr- 

slugglsl 

10.3.05 

Key  failure 

Adjustment  set 
to  tight 
Sy.stcm  over- 
loaded 

Conveyor  will 
not  run 

Same  as 
end  effect 

Conveyor 

inoperative 

10.3  Torque 
Limiter 


-The  Torque 

Limiter  provide 

conveyor 

protection 

-Is  set  at  110% 

to  115%  of  tota 

load 

-It  operates 
continuously 
-Prevents 
conveyor  and 
motor  damage 
should  other 
devises  fall 


EAIJ.UmMQ)i£AMI^ 

REEQBI 


Symptoms- 

EKkI  oI  Failure  | 

ifrtKtobility 

Local  Elfwt 

End  Effect 

Conveyor  d-^es 
not  reach  full 
speed 

Motor 
connection 
to  systni' 
sllpy 

Drive  systr-! 
is  sluggish 

Torque  Limiter 
will  not 
transmit  load 

Motor 

connection 
to  system 
slips 

Drive  systci 
Is  sluggish 

Torque  Limiter 
connection 
runs  rough 

► 

Same  as  end 
effect 

Drive 

system 

vibrates 

Conveyor  dors 
not  reach 
full  speed 

Motor 

connection 
to  system 
slips 

Drive 

systcir. 

sluggish 

Conveyor  will 
not  run 

Same  as 
end  effect 

Conveyor 

Inoperative 

FKhiiiii 

ccmpMMtinf 

IKO^inM 


None 


None 


Konc 


Tighten  pressur 
nut 


None 


1 


ContiKtNo.  1109024  72  C-5500 

Otyinwalion  ITbBilVUKCOBroRftTlOW 
By  ENglNEEBUIG  DEFT. . KOBNYIAK  COBF. 


AFEROVEO. DATE: 


Level 

of 

Sevrfity 

Failure 

AkA- 

aMMty 

Renurkt  aod  Rccaromcidatiooi 

! 

2 

Disassemble  Torr^uc  Limiter 
Replace  friction  disc  (s)  In 
Torque  Limiter.  Adjust  per 
instruction  in  manual. 

1 

2 

Disassemble  Torque  Limiter 
Replace  Ocllwncd  spring 
Adjust  per  Instruction  In 
manual 

2 

1 

Disassemble  Torque  Limiter 
Replace  faulty  bearing 
Adjust  per  instruction  in 
manual 

1 

1 

Adjust  Torque  Limiter  in 
accordance  with  Instructions 
In  manual 

2 

1 

Rcm.)ve  Torque  Limiter 
Rework  Keways  - replace  key  fs 

Page  - 
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Indenture  Level  Nu.  1 
indenture  Level  No.  2 
indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


Drive  System 


Commercial  Park 


FAILURE  MODE  AND  EFFECT  ANALYSIS 

REPORT 


mm 


REPORT 


Contrict  No.  N00024-72-C-5800 

Organization  KORNYLAK  CORPORATION 

By  ENGINEERING  OEPT.,  KORNYLAK  CORP. 


APPROVED: 


Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

detectability 

Local  Effect 

End  Effect 

No  output  RPM 

Same 

Conveyor 

Inoperative 

None 

Vibration, 

noise 

Incipient 
loss  of 
reducer 

Incipient 
loss  of 
conveyor 
operation 

None 

-runs  hot 
-visible  evi- 
dence of 
lubricant  on 
base  plate 
-high  motor 
current 

Incipient 
loss  of 
reducer 

Incipient 
loss  of 
conveyor 
operation 

None 



Laval  Failure 

of  prob- 

Savarity  ability 


DATE: 


Remarks  and  Recommendations 


Indenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
'ndenture  Level  No.  4 
Drewini 


VERTICAL  CONVEYOR  SYSTEM. 

Drive  System 

Reducer  (Pap.e  -2-) 


Commercial  Part 


Output  specificition 
functional  description 


Failure  Mode 


SN 


Description 


EAUJUJ?£.MQGEjOJm.EE£^ 

fiEPQBI 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


“ 


10.4  Reducer 


10.4.04 


Load  tray.s 
tilt-drive 
chains  out  of 
synchronization 


-lubricant 
contaminated 
-one  or  both 
out-put  shaft 
keys  or 
key ways 
distorted  or 
broken 


Trays  tilted 
-one  side  of 
tray  driving 
the  other 


Incipient 
jam  at  head 
or  bottom 
cam  plates 


Incipient 
loss  of 
conveyor 
operation 


Vh 


gipqiinif«qi!i  flPJJU!"  « i|  JH! ' i'mwhjb  w 


1 
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BEPOBI 


Contract  No.  N00024-72-C-5500 
Orqani/ation  k6rNYLAK  CORPOHAtION 


By 


ENGINEERING  D€PT.,  KORNYLAK  CORP. 


APPROVED; 


DATE; 


Red 
pth 
aft 


or 


Symptoms- 

detectability 


Trays  tilted 
-one  side  of 
tray  driving 
the  other 


Effect  of  Failure 


Local  Effect 


Incipient 
jam  at  head 
or  bottom 
cam  plates 


End  Effect 


Incipient 
loss  of 
conveyor 
operation 


Existing 

compensating 

provision 


None 


■N 


Level 

of 

Severity 


Failure 

prob- 

ability 


1 


Remarks  and  Recommendations 


Se»%'ice  manual  requires 
periodic  check  for  condition 
of  keys  and  keyways  and  check 
of  drive  chain  synchronization. 
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EAJUiflE MODE  AND  EFFECT  ANALYSIS 

Indenture  Level  No.  1 VERTICAL  CONV^QB  SYSTEM REPORT 

Indenture  Level  No.  2 Urlvfc  tiysccm 
Indenture  Level  No.  3 10.5  Brake 

Indenture  Level  No.  4 ■ 

Drawing  Coimncrcial  Part 


Output  specification 
functional  description 

Failure  Mode 

Possible  causes 

Symptoms- 

detectability 

Effect  of  Failure 

■Be 

|HB2 

wm 

Description 

Local  Effict 

End  Effect 

10.5  Brake 

10.5.01 

Coil  Burnout 

•weak  insula- 

Brake  will  not 

lOL  or 

Conveyor 

Non 

tion 

disengage 

thermal 

will  not 

Assures  Chat 

-wrong  hookup 

overload 

run 

conveyor  will 

Crips 

not  reverse 

under  load. 

10.5.02 

Engaging  spring 

-weak  spring 

Brake  will 

Conveyor 

Trays  will 

Non 

failure 

-corroded 

not  engage 

coasts  to 

not  positio 

k 

Assures  that 

spring 

stop 

properly 

conveyor  will 

stop  and 

10.5.03 

Friction 

-improper  gap 

Brake  will  not 

Conveyor 

Trays  will 

Non 

properly 

lining  worn 

adjustment 

engage 

coasts  Co 

not 

position  trays 

out 

-normal  wear 

properly 

a stop 

position 

at  door 

and  tear 

properly 

openings. 

10.5.04 

Brake  to 

-weak  material 

Brake  will  not 

Conveyor 

Trays  will 

Hot 

Assures  that 

reducer  key 

-wear  and  tear 

engage 

coasts  to 

not 

conveyor  will 

failure 

stop 

position 

stop  in  Che 

properly 

event  of  power 

fai lure. 

10.5.05 

Pressure  plate 

-weak  materia! 

Brake  will 

Conveyor 

Trays  will 

Not 

mechanism 

-wear  and  tear 

not  engage 

coasts  to 

not  posit io! 

1 

failure 

-corrosion 

stop 

properly 

10.5.06 

Jerky  stops 

-grease  or  oil 

Same  as 

Same  as 

Trays  may 

Not 

Slow  to  stop 

on  friction 

descript  ion 

description 

not  positioi 

1 

Brake  slips 

discs  ard/or 

properly 

pressure  plate 

-improper  gap 

adjustment 



EAJLUHt  MQQE^MQ  Ef  FECT  ANALYSIS 

BEEQBT 


Symptoms- 

EilKt  ol  Fatluii 

Exiitini 

compensatinf 

pravHMN 

risiecubility 

Local  EIfKt 

End  EffKt 

Brake  will  not 
disengage 

lOL  or 
thermal 
overload 
trips 

Conveyor 
will  not 
run 

Ncne 

Drake  will 
not  engage 

Conveyor 
coasts  to 
stop 

Trays  will 
not  positio 
properly 

None 

Brake  vrill  not 

engage 

properly 

Conveyor 
coasts  tc 
a stop 

Trays  will 
not 

position 

properly 

None 

Brake  will  not 
engage 

Conveyor 
coasts  to 
stop 

Trays  will 
not 

position 

properly 

None 

Brake  will 
not  engage 

Conveyor 
coasts  to 
stop 

Trays  will 
not  posit ioi 
properly 

None 

Same  as 
description 

Same  as 
description 

Trays  may 
not  positic. 
properly 

None 

i 

Level  Failure 

of  prob- 

Severity  ability 


Remarlu  and  RKoimncnilations 


2 I 1 I Remove  brake  and  replace  coil. 


1 1 Remove  brake  and  replace 

spring 


1 1 Remove  brake  and  replace 

Friction  lining. 


1 1 Remove  brake  - replace  key  - 

re-work  keyways. 


1 1 Remove  brake  - repair  or 

replace  failed  parts. 


1 1 Remove  brake  - clean  prescure 

plate  - clean  or  replace 
friction  discs. 
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Indenture  Level  No.  1 VERTICAL  CONVpOB  SYSTEM 
Indenture  Level  No.  2 Urive  System 

Indenture  Level  No.  3 CoupllnR 

»•  •♦•nture  Level  No.  4 — ■■  ..  - - 

Drawini 


EAI.UJ!BE.lVLOOiym£EFEC:j:i^L^ 

BEEQRI 


Output  specififation 

Failure  Mode 

fosiiUc  causes 

Symptoms- 

EffKt  of  Failure 

Exit 

compel 

proi^ 

functional  de»ription 

SN 

Oescription 

detectability 

Local  Effect 

End  Effect 

J0.6  Coupling 

Connects 
Reducer  Drive 
Shaft  (s)  to 
Jack  Shafts 

10.6.01 

Worn  or 
distorted  keys 
and/or  keyways 

-repeated  Jams 

Trays  may  tilt 
or  cock 

Incipient 
jams  at 
head  or 
tail  cams 

Incipient 
loss  of 
conveyor 
operation 

No| 

V 

< 

10.6.02 

Torsional 
stress  failure 

-repeated 

jams 

-weak  material 

Trays  tilt  or 
cock 

Jams  at 
head  or 
tail  cams 

Loss  of 

conveyor 

operation 

Maxtmuffll 
stress  1 
psi  undlj 
conditll 

10.6.03 

Stress  failure 
of  key  (s) 

-repeated 

jams 

-weak  material 

Trays  tilt  or 
cock 

Jams  at 
bead  or 
tull  cams 

Loss  of 

conveyor 

operation 

Maximum' 
stress  i 
psi  undf 
conditlc 



◄ 


fA!.UUilE.IVLQD.LAim£EE£CIi^LY^^ 

BEEQRI 


Contract  No.  N()0024  72  C-5500 

Or^ani/ation  koninVLAK  CORPORATION 
By  ENGINEERING  OEPT. . KORNYIAK  CORP. 


Symptoms- 

detectability 


Efiect  ol  Failure 


Local  Effect 


End  Effect 


Trays  may  tilt  Incipient 
or  cock  jams  at 

Iiead  or 
tall  cams 


Incipient 
loss  of 
conveyor 
operation 


APPROVED: 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


Replace  couplings  and  keys  or 
remove  couplings  and  rc-work 
keyi-’ays. 


Trays  tilt  or  Jams  at 

I cock  head  or 

tall  cams 


Loss  of 

conveyor 

operation 


Maximum  torsion; 
stress  Is  307 
psl  under  jam 
conditions 


Rep' ace  coupling* 


Trays  tilt  or  Jams  at 
cock  head  or 

tall  cams 


loss  of 

conveyor 

operation 


Maximum  key 
stress  Is  5112 
psi  under  jam 
conditions 


Replace  keys< 
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E^liUBE MODE  AND  EFFECT  ANALYSIS 

BEPQRT 


? Indenture  Level  No.  t VERTICAL  CONVEYOR  SYSTEM 

(Indenture  Level  No.  2 Drive  System 
• Indenture  Level  No.  3 Jack  Shaft  (a) 
Indenture  Level  No. 4 ..  . 
j Orawiiig  — 


f 

Output  specification 

Failure  Mode 

Symptoms- 

Effect  of  Failure 

Existi 

coropcM 

proviil 

Possible  causes 

V 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

10.7  Jack 

0.7.01 

Worn  or 

Repeated  jams 

Trays  may  tilt 

Incipient 

Incipient 

None; 

i 

Shaft  (s) 

distorted  key- 

or  cock 

jams  at 

loss  of 

1 

ways  and/or 

head  or  tail 

conveyor 

. 

Connects  the 

keys  at  couplint 

cams 

operation 

I 

Reduce V Drive 

and/or  sprocket 

1 

Shafts  to  the 

t 

1 

Drive  Sprockets 

ii 

':4 

1 

0.7.02 

Torsional  stress 

-repeated  jams 

Ti 1 1 ed  or 

Jams  at 

Loss  of 

Shaft  sell 

:! 

failure 

-weak  material 

cocked  trays 

head  or 

conveyor 

maximum  j 

tail  cams 

operation 

torsional' 
of  4046 

i: 

jam  condli 

J. 

10.7.03 

Coupling  or 

-repeated 

Tilted  or 

Jam  at 

Loss  of 

1 

i 

Keys  see.j 

sprocket  key 

jams 

cocked  trays 

head  or 

conveyor 

maximum  j 

stress  failure 

-weak  material 

tail  cams 

operation 

of  8058  i 
under  jai 

conditioi 

t 

! 

1 

t 

\ 

1 

O i 

> 


Indenture  Level  No.  1 
Indenture  Level  No.  2 __ 
Indenture  Level  No.  3 _ 
' identure  Level  No.  4 _ 
Drewini  


Output  specificetion 
functionel  deuription 


Drive  System 
Bearing 

Commercial  Part 


Failure  Mode 


E^ikU.aE_iyiQP.Ej\ND_EE.KCLANAL5tSIS. 

B£EQBT 


Description 


Symptoms- 

Effect  of  Failure 

detectability 

Local  Effect 

End  Effect 

0.8,01 

Frozen  bearing 

-lack  of  prope 

-high  current 

No  jack 

Conveyor 

lubrication 

-conveyor  will 

shaft 

inoperative 

-contaminated 

-improper 

not  run 

rotation 

• 

alignment 

0.8.02 

Dynamic 

-normal  wear 

-high  current 

Trays  may 

Incipient 

failure 

and  tear 

-erratic 

rock 

Jams  at 

-overload 

operation 

cam  track 
plates 

10.8  Bearing 

Supports  Jack 
Shaft  at 
sprocket  end 


FmmMt  7AC 


Imlenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


Commercial  Part 


Fouible  causes 

1 

Symptoms- 

Effect  of  Failure 

detectability 

f 

Local  Effect 

End  Effect 

Repeated  jams 

Trays  may  tilt 
or  cock 

i 

Incipient 
jams  at 
head  or 
tail  cams 

Incipient 
loss  of 
conveyor 
operation 

-repeated  jams 
-weak  material 

1 

, i 

! 

Tilted  or 
cocked  trays 

1 

Jams  at 
head  or 
tall  cams 

Loss  of 

conveyor 

operation 

Indenture  Level  No.  4 
Drawing 


Commercial  Part 


Output  specification 
functional  description 


Failure  Mode 


SN 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


COM 


10.10  Drive 
Chain 


Transmits  power 
from  the  Jack 
Shaft  to  the 
Head  Shaft 


10.10.01 


Stretched  or 
distorted  chain 


-repeated  or 
excessive  Jams 
-faulty 
material 


Tilted  or 
cocked  trays 


Jams  at 

Loss  of 

Chalnij 

head  or 

conveyor 

never  i 

tall  cams 

operation 

more  t 

ul  tlmi 

streng 

Indenture  Level  No.  1 VERTICAL  CONVEYOR  SYSTEM 

Indenture  Level  No.  2 Drive  System 

Indenture  Level  No. 3 Chain  Take-up 

indenture  Level  No.  4 

Drawing  


REEQRT 


Output  specification 

Failure  Mode 

Passible  causes 

Symptoms- 

1 

Effect  of  Failure 

Exist 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

provi 

10.11  Chain 
Take-up 

Removes  slack 
from  Drive 
Chains.  Keeps 

10.11.01 

Bearing 
fai lure 

No  lubrication 

-faulty 

material 

Trays  tilt  or 
cock  out  of 
square 

Incipient 
jams  at 
head  or  tai 
cams 

Incipient 
loss  of 
conveyor 
operation 

Non 

boLii  side  of 
Carrier  Chain 
alined f by 
equal izing 
tension. 

10.11.02 

Faulty  or  poor 
adjustment 

Repeated  jams 

Trays  tilt  or 
cock  out  of 
square 

Incipient 
jams  at 
head  or 
tail  cams 

Incipient 
loss  of 
conveyor 
operation 

Non 

10.11.03 

Broken  adjust- 
ing screw 
-broken 
bracket 
-bent  bracket 

Repeated  jams 

-mechanical 

damage 

Trays  tilt  or 
cock  out  of 
square 

Incipient 
jams  at 
head  or 
tall  cams 

Incipient 
loss  of 
conveyor 
operation 

Non 
■ ' ■ 

F-AILURE  MQ&EJ^ISID  EFFECT  ANALYSIS 
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Contract  No.  N00024-72  C 5500 

Orgai  iaation  KORNVLAK  CORPORATtON 

By  ENGINEERING  PERT. . KORNYLAK  CORP. 
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Fm.UJi£  MQPEj^p  J FFECXAWALYSIS. 

Indenture  Uvel  No.  1 VERTICAL  CONVEYOR  SYSTEM REPORT 

Indenture  Level  No.  2 Structure 

Indenture  Level  No.  3 Trunk 

Indenture  Level  No.  4 

Drawing  - 


Output  fpecificition 

Failure  Mode  j 

FfUrl  n*  Failure 

Symptoms- 

functional  description 

mm 

Description 

detectability 

Local  Effect 

End  Effect 

20.1  Trunk 

20.1.01 

Loss  of  water- 

-cracked  welds 

Will  not  hold 

Water  can 

S.aine  as 

tight 

-deterioration 

water  or 

penetrate 

local 

Provides  support 

Integrity 

of  door  seal(s 

lair  under 

trunk  from 

effect 

for  conveyor 

-improper 

pressure 

surrounding 

mechanism 

adjustment  of 

compartment 

door  dogs 

-or- 

Provides  a 

-misalignment 

surrounding 

watertight 

of  foundation 

compart- 

enclosure 

base 

ments  from 

-material 

corrosion 

trunk 

20.1.02 

Trunk  dlstor- 

Shear  loads 

-binding  trays 

-excess  wca 

■ conveyor 

tion 

at  deck 

-rubbing 

-noise 

stalls 

openings 

-high  current 

i 

Weld  shrink  - 

-binding  trays 

-excess  wea 

• conveyor 

1 

age  at  decks > 

-rubbing 

-noise 

stalls 

base  and  trunk 
connections 

-high  current 

G 

comi 
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I APPROVED: DATE: 


■ 

Symptoms- 

detectability 

Effect  of  Failure 

Exi>ting 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

Local  Effect 

End  Effect 

elds 

Will  not  hold 

Water  can 

Same  as 

None 

1 

1 

Find  and  repair  cracked  vrelds 

:tion 

water  or 

penetrate 

local 

1 

2 

Replace  door  seals 

al(s 

lair  under 

trunk  from 

effect 

pressure 

surrounding 

1 

2 

Adiust  dogs  - replace  (f  out 

of 

compartment 

of  adjustability 

-or- 

surrounding 

1 

1 

In.'ital latioji  problems  - check 

Hon 

compart- 

dravrings  and  service  manual  foi 

1 

ments  from 

proper  installation  procedures, 

1 

trunk 

1 

2 

Cotivcyor  drains  must  be  kept 

' 

open  - check  trunk  frcrjuently 

for  rust.  Chip  and  repaint 

> 

when  necessary. 

-binding  trays 

-excess  wea 

• conveyor 

None 

J 

1 

Transmission  of  shear  loads 

-rubbing 

-noise 

st.ills 

minimised  by  use  of  semi  - 

-high  current 

flexible  method  of  supporting 

1 

coiiveyor  at  deck  opettings. 

c - 

-binding  trays 

-excess  wea 

• conveyor 

None 

1 

1 

Exercise  care  during  installa- 

cs, 

-rubbing 

-noise 

stalls 

tion,  especially  in  welding 

runk 

B 

1 

-high  current 

technlqties 

f 
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l.idcHture  Level  No.  1 VEpCak,C0«tV^YQflSYST6M. 
Iiidentiiie  Level  No.  2 

Head  Cam  Pial.kt 


liidentiiie  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 
Orewiny 


RERQRI 


Output  specification 
f'nclional  description 


Failure  Mode 


SN 


Description 


Possilile  causes 


S/mptoms- 

detKktebility 


Effect  of  Feilure 


Local  Effect 


con 


End  Effect 


)0. 1 Head  Cam 
Pi  ate 


The  Head  Cam 
Plate  causes 
the  carrier 
tray  to  make 
the  horizontal 
to  vertical 
transition  as 
the  carrier 
trays  move 
front  to  back 


iO.Ol 


Cam  Tracks  worn 
or  distorted 


Repeated  \ams 


Conveyor  runs  Same  as 
rough  symptom 


-possible 
high  current 
-possible 
nuisance 
lOL  cut  out 
-excessive 
slippage  of 
torque 
limiter 


Torqui 
can  at 
shock 
come  ] 


30.1,02 


Cam  tracks 
broken 


Repeated  jams 


Conveyor  jams 
at  broken 
track 


High  current 
lOL  cuts 
out 


Pending 
loss  of 
conveyor 
operation 
cam  roll 
jams  in 
broken  cam 
track  plate 


Torqui 

slips 


r ’ 
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APPROVED: 


Symptoms- 

detectability 


Eifect  of  Failure 


Loca<  FftKt 


End  Effect 


Existini 

compensalioi 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


Conveyor  runs  Same  as 
rough  symptom 


-possible  j Torque  Limiter 
high  currenii  can  absorb  some 


-possible 

nuisance 

lOL  cut  out 

-excessive 

slippage  of 

torque 

limiter 


shock  or  over- 
come roughness 


Straighten  and/or  remove 
rough  spots  in  cam  track. 
Remove  and  replace  faulty 
cam  plate 


s Conveyor  jams  High  curreni 
at  broken  lOL  cuts 

track  out 


Pending 
loss  of 
conveyor 
operation 
cam  roll 
jams  in 
broken  cam 
track  plate 


Torque  Limiter 
slips 


Remove  and  repair  cam  plate  or 
remove  and  replace  faulty 
cam  plate. 


Pi.  V - 55 


form  No.  2/6  6 


Indentute  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 


BTICALCONVEYdRSYSTt 

uperaLtng  bysticin 

iiead  Shaft 


EFFE 


a£PDaT 


Output  specificition 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


30.2  He?ad  Shaft  30.2.01 


The  head  shaft 

is  t!ie  principal  30.2.02 

.shaft  which 

transfers  the 

poster  to  the 

tr.ay  system. 

The  entire 

weight  of  the  30.2.03 
tray  system 
and  load  are  on 
Lhf s shaft 


Worn  or  dis-  Repeated  jams  Trays  tilt  or  Incipient 

torted  keyways  cock  jams  at 

or  keys  at  the  head  cam 

driven  sprocket 

Torsional  stress  Repeated  jams  Tilted  or  Jams  at 

failure  faulty  mater-  cocked  trays  head  or 

ial  tai 1 cams 


Sprocket  key  Repeated  jams  Tilted  or 
stress  failure  weak  material  cocked  trays 


Incipient 
loss  of 
conveyor 
operation 

Loss  of  Shaft  t 

conveyor  maximua 

operation  nal  sti 


Jams  at  Loss  of 

head  or  tai  conveyor 
cams  operation 


at  jam 
condit; 


30.2.04  Bent  head  shaft  Extremely 

heavy  jam 


Carrier 
sprocket 
wobbles  as  it 
revolves 


Same  as 
symptom 


-stretched 

chain 

-tray 

flexure 


F ALLURE.  M.QQLAND..ERFECT  ANALYSIS 
REPORT 


a 

Symptoms- 

detectability 

Effect  of  Failure 

Existing 

compensating 

provision 

Local  Effect 

End  Effect 

- 

jams 

Trays  tilt  or 

Incipient 

Incipient 

None 

r 

cock 

jams  at 

loss  of 

head  cam 

conveyor 

: 

operation 

Jams 

Tilted  or 

Jams  at 

Loss  oi 

Shaft  sees  a 

:er- 

cocked  trays 

head  or 

conveyor 

maximum  Lorslo- 

tai 1 cams 

operation 

nal  stress  of 

' 

psl  under 

i 

jam  conditions 

ams 

Tilted  or 

Jams  at 

Loss  of 

Keys  sec  a 

lal 

cocked  trays 

head  or  tai 

conveyor 

maximum  stress 

cams 

operation 

of  9134  psi 

at  jam 

condi tlon 

S' 

Carrier 

Same  as 

-stretched 

None 

;■ 

sprocket 

symptom 

chain 

(see  remarks 

r 

wobbles  as  it 

-tray 

column) 

r 

revolves 

flexure 

i 

r \ 

\ <r 
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Drawing 


ICAL  CONVEYOR  SYSTEI 
jperaCini'  System 


Commercial.  Part 


EAULUBE  MQDE.MB-EEFECT  ANALYSIS 
RERQBI 


EALUifiE  baaD£.MQ-EE£££IJ^LYSlS. 
REPORT 


OfiMiintiM 

By  EMGIIItERIIIC  DCrr. . KOIIIIYiAK  COUP. 


APfROVEO: 


Syinploms- 

detectability 


EffKt  of  Faihirt 


Local  Effect 


er  -high  current  No  head 
-conveyor  will  shaft 
on  not  run  rotation 


End  EffKt 


Conveyor 

inoperative 


Exitliiii 

compcnsatini 

pfOWttM 


Lcoel  FaiiMe 

of 

Scwrity  ability 


Rcnutla  nd  RoconuMndatioM 


Service  manual  requires 
periodic  inspection  and 
lubrication  of  head  shaft 
bearings 


Replace  head  shaft  bearings 


Indenture  Level  No.  4 _ 
Drawing  

Output  specification 
functional  description 

30.4  Head 

Bearing 

Housing 

Houses  the 
inboard  and 
outboard 
shaft  bearing 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  i End  Effect 


30.4.01  Head  Bearing  Faulty  casting  High  current  -no  head 
housing  cracked  or  material  -conveyor  will  shaft 
or  broken  not  run  rotation 


-no  head  Incipient 

shaft  loss  of 

rotation  conveyor 

-trays  tilt  operauion 
or  cock 
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APPROVED: 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


Ettci  effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Rer  .'hs  and  Recommendations 


tlng|High  current  -no  head 
-conveyor  will  shaft 
not  run  rotation 


-no  head  Incipient 

shaft  loss  of 

rotation  conveyor 

-trays  tilt  operation 
or  cock 


Replace  head  shaft  bearing 
housing.  This  contractor 
has  never  experienced  a 
failure  in  this  part  after 
having  produced  vertical 
conveyor  systems  for  over 
20  years  and  over  /4OO  units 
produced. 
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For$tt  No  2?Ci  S 


Indenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 


lead  ishart  Sprocket 


BfPQBT 


Out|)ut  specificetion 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


30.5  Head  Shaft  30.5.01  I Worn  head  shaft! -misalignment  j-polished 


Sprocket 

This  item  is 
the  sprocket 
which  becomes 
the  driver  and 
load  support 
for  the  carrier 
trays 


sprocket 


-abnormal  jams  teeth 
-abnormal  -ridges  in 


loading 


30.5.02  Sprocket  key  -repeated 
stress  failure  jams 


teeth 

Tilted  or 
cocked  trays 


-weak  or 
faulty  materia . 


Same  as  Rough 

symptom  conveyor 

operation 


Jam  at 
head  or 
tail  cams 


Loss  of  Keys  S6 

conveyor  maximun 

operation  of  9l3< 
jam  cor 
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By 


ENGINEERING  OEPT. . KORNYLAK  CORP. 


APPROVEO; 


GATE: 


Symptonis- 

detectability 


Effect  of  Failure 


Local  Effect 


Enil  Effect 


Existing 

Level 

Failure 

compensating 

of 

prob- 

provision 

Severity 

ability 

Remarks  and  Recommendations 


-polished 

teeth 

-ridges  in 
teeth 

Tilted  or 
cocked  trays 


tia 


Same  as 
symptom 


Jam  at 
head  or 
tail  cams 


Rough 

conveyor 

operation 


Loss  of 

conveyor 

operation 


None 


Keys  see  a 
maximum  stress 
of  9134  psi  at 
jam  condition 


Replace  head  shaft  sprocket 


Rework  key  seat  and  replace 
keys 
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Indenture  Level  No.  4 


ITICALCONVEYOn  SYSTEM 

Opcratine  System 


Commercial 


MODE-AND  EFFECT  ANALYSIS 
REEDRI 


Output  specification 
functional  description 


Failure  Mode 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


30.6  Carrier  130.6.01 
Chain  Section 

The  carrier 
chain  section 
is  the 

connecting  link 
between  each  of 
the  trays  and 
the  drive 


Stretched  or 
distorted 
carrier  chain 


-repeated  or  Tilted  or  Jams  at  Los.s  of 

excessive  jams  cocked  trays  head  or  conveyor 

-faulty  tail  cams  operation 

materia] 


(ViaBf^P-EFFECXAMALYJSJS. 

fiEEORT 
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Symptomj- 

rietectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Exittinf 

compensating 

provision 


APPROVED: 


Level  Failure 

of  prob- 
Severity  ability 


Remarks  and  Recommendations 


yjL  I Tilted  or 
jams  cocked  trays 


Jams  at 
head  or 
tall  cams 


Loss  of 

conveyor 

operation 


Chains  are 
never  loaded  to 
more  than  10% 
of  ultimate 
strength 


Replace  faulty  chain. 
Notes  This  condition  fs 
highly  improbable  due  to 
design  loading  of  chain. 
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Indenture  Level  No.  1 

Indenture  Level  No.  2 

Indenture  Level  No.  3 

Indenture  Level  No.  4 _ 
Drawing  _ 


Output  specification 
functional  description 


Operati nu  System 
Carrier  Lint 


Failure  Mode 


EA1LU££,MQDEJ\NP..EFFECT  ANALYSIS- 

REPORT 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


30.7  Carrier 
Link 

The  carrier  link 
provides  the 
bearing  and  the 
linkage  to 
connect  tlie 
chain  sections 
from  tray  to 


30.7.01 


Stretched  or 
distorted  link 


-repeated  or  Tilted  or 
excessive  jams  cocked  trays 
-faulty 
material 


30.7.02 


Worn  sleeve  in 
link 


-faulty 
material 
-long  use 
-lack  of 
lubrication 


-conveyor 
runs  rough 
-conveyor 
I is  noisey 


Jams  at 
head  or 
tail  cams 


Same  as 
end  effect 


Impending 
loss  of 
conveyor 
operation 


Impending 
need  to 
overhaul 
system 


EAIJ..U  B£  (VLOJaiL/^Jf  £ECT-AN ALYJilS. 

Indenture  Lev*l  No.  1 VERTICAL  CONVEYOR  SYSTEM REPORT 

Indenture  Level  No.  2 Operating  System  ~ 

Indenture  Level  No.  3 Chain  Pin  — 

Indenture  Level  No.  4 — — 

Drawing  --  - . . - . — . 


Output  specification 

Failure  Mode 

Possible  causes 

Symptoms- 

Effect  of  Failure 

1 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

30.8  Chain  Pin 

30,8,01 

Loss  of  cotter 

Cotter  pin  not 

Difficulty 

Bent  side 

Impending 

i 

1 

4; 

pin  allowing 

bent  suffici- 

with  or  loss 

plates  on 

loss  of 

cliain  pin  to 

ently  to  keep 

of  proper 

chain  or  on 

linkage  in 

The  chain  pin 

slide  out  of 

chain  pin 

engagement 

carrier 

system 

•i 

connects  the 

position 

engaged. 

with  sprocket 

link 

chain  to  the 

-incomplete 

< 

carrier  link 

• 

assembly  or 
repair 

■J 

\ 

i 

1 

i 

1 

1 

■i 

i 

j 

i 

■j 

? 

5 

1 

/ 

] 

M , , ,|.p,, 
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APPROVED: 


DATE: 


Symptoms- 

detectability 


Ellect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level 

of 

Severity 


Failure 

prob- 

ability 


Remarks  and  Recommendations 


not 
|ci- 
keep 


Difficulty 
with  or  loss 
o.t  proper 
cngagement 
with  sprocket 


Bent  side 
plates  on 
chain  or  on 
carrier 
link 


Impending 
loss  of 
linkage  in 
system 


None 


Replace  associated  damaged 
parts. 

Note:  This  can  only  occur 

if  proper  repair  or  assembly 
procedures  are  not  followed. 


It 


w 


Iniieiiture  Level  No.  1 
liulenture  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


ITICALCQ^VPYflBSYSU 

Operating  System 

Carrier  Shaft 
2-lfl26-P2S 


FAILURE  MODE  AND  EFFECT  ANALYSIS 

REPORT 


Output  specification 
functional  description 


10.9  Carrier 
Shaft 


Failure  Mode 

Symptoms- 

Effect  of  Failure 

Eld 

Description 

detectability 

Local  Effect 

End  Effect 

pr» 

Excessive 

Januned  under 

-visible 

Jam  may 

Probable 

Systei| 

torsional 

full  force  of 

misalignment 

occur  in 

1 loss  of 

proted 

stress  causing 

maximum 

of  carrier 

tail  or 

conveyor 

torquq 

shaft  to  he 

reducer  output 

tray 

head  cam 

operation 

which  1 

bent  or  broken 

-loose  carrier 

plates  or 

protet^ 

tray 

in  vertical! 

by  cat| 

track 

to  sl^ 

BEPQRI 
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APPROVED: 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


-visible  Jam  may 

of  misalignment  occur  in 

of  carrier  tail  or 

:put  tray  head  cam 

-loose  carrier  plates  or 

' tray  in  vertical 

track 


Probable 
loss  of 
conveyor 
operation 


System  is 
protected  by 
torque  limiter 
which  should 
protect  conveyo 
by  causing  driv 
to  slip 


Replace  carrier  shaft  and 
associated  parts.  May  need  to 
replace  tray  if  damaged. 
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Indenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


Operatina  System 


2-1026-P-27  and  2-1026  /t7F 


FAIi.Uiie..MOJDEjfltmEEL£GIANALY^SlSL 

RJEE.QBI 


Output  specificition 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


30.10  Guide  Arm  30.10.01  Key  and  cap 

30.11  Guide  Arm  30.11.01  shear  limit 

Cap  exceeded 


The  guide  ann 
and  guide  arm 
cap  control  the 
attitude  of  the 
tray  from 
horizontal  to 
vertical  as  the 
tray  travels 
around  the  tray 
path 


Jammed  under  a| Guide  arm 


full  force  of 
maximum  chain 
pul  1 


Tray  runnim 


I loose  on  shaft  out  of 
-guide  arm  horizontal 
leap  distorted  position 


Incipient 
jams  can 
occur  i n 
head  or 


position  head  or 

-tray  loose  tail  cam 
in  track  plate  or 

guides  in  side. 

guides 


FAIi^UJia  iyiQD£j?kJVIi).EEEEG^^ 
REBQBI 


Conitiel  No.  N00024  72  C 5500 
Oriaiiifatioii 

By  ENGINEERING  OEfT. . KORNYIAK  COBf. 


I 


APPROVED: 


Symptomt- 

rieieciibilily 


EIImi  of  Failure 


Local  Effect 


End  Effect 


ExKtioi 

compeoMthii 

piovKion 


Level  Failure 

of  prob- 

Severity  ability 


DATE: 


Rematht  and  Rccoffinwndaiiwis 


er  a Hiiide  arm  Tray  runnln 

of  loosp  on  shaft  out  of 
ain  -Rufde  arm  horizontal 


Tnciplent 
jams  can 
occur  fn 
head  or 


-f’.ufde  arm  horizontal  occur  fn 

cup  distorted  position  head  or 

-tray  loose  tall  cam 

in  track  plate  nr 

guides  in  side 

guides 


System  is 
protected 
torque  limiter 
which  should 
cause  the 
conveyor  to 
cease  operation 


Replace  guide  arm  and  guide 
arm  cap  and  associated 
datnagcii  parts* 


Indenture  Level 
Indenture  Level 
Indenture  Level  No.  3 
InH'-nture  Level  No.  4 
Drawing 


No.1  mmiiimmmmm. 

No.  2 Operating  ays  Lem 


REPORT 


Cam  follower  FLar.t>cd/Cam  Tol lower 


Commercial  t'art 


Output  specification 
functional  description 


Failure  Mode 


SN 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Exist! 

compeul 

provid 


■JO.  12  Cam 
Follower  FlangedJ 
30. U Cam 
Follower 


Tliesc  cam 
followers  guide 
the  tray  througl 
its  raanuevers 
on  the  tray  patlJ 


(■ 


Coiitrsct  No, 

Oruanuatiun  KORNYLAK  CORPORATION 

By  ENGINEERING  DEPT. , KORNYLAK  CORP. 

APPROVED:  DATE: 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


There  are  no  dlscernable  means 
of  failure  evident  by  our 
calculations 
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Indenture  Level  No.  1 VERTICAL  CONVEYOR  SYSTEM REPORT 

Indenture  Level  No.  2 Operating  Systoms 

Indenture  Level  No.  3 Carrier  

Indenture  Level  No.  4 . 


Drawing 


Output  specification 
functional  description 

Failure  Mode 

Possible  causes 

Symptoms- 

detectability 

Effect  of  Failure 

SN 

Description 

Local  Effect 

End  Effect 

30, lA  Carrier 

30.14.01 

Excessive 
torsional  stres 

Jantmed  under 
; full  chain 
load  at  tip 
of  tray  finger 

VI  '-.Ible  bol  t 
f ai lure. 
Carrier  tray 
not  in  normal 
po.ci  tlon 

Same  as 
symptom 

i 

j 

1 

Carrl er 
tray  may 
jam  in  any 
position 
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Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

wS 

k 

detectability 

Local  Effect 

End  Effect 

ams 

?■ 

Conveyor  runs 
rough 

Same  as 
symptom 

-possible 
high  curren 
-possible 
nuisance 
lOL  cut  out 

Torque  Limiter 
can  absorb 
same  shock  or 
overcome 
roughness 

2 

2 

Stralgliten  and/or  remove 
rough  spots  in  track.  Remove 
and  replace  faulty  track 
section 

ams 
^— - 

Conveyor  jams 
at  broken 
track 

High 
current 
lOL  cuts 
out 

Pending 
loss  of 
conveyor 
operation 
cam  roll 
jams  in 
broken 
track 

Torque  Limiter 
slips 

4 

2 

Remove  and  replace  faulty 
track  section 
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Drawing 


Operating  System 
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Tail  Cam  Plate 


Output  specification 
functional  description 


Failure  Mode 


SN 


Description 


Fossible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


con 


•JO.  17  Tall 
Cam  Plate 


30.17.01 


Cam  tracks 
worn  or 
distorted 


Repeated  jams 


Conveyor  runs 
rough 


Same  as 
symptom 


The  Tail  Cam 
Plate  causes 
the  carrier 
tray  to  make 
horizontal  to 
vertical 
transition  as 
the  carrier 
trays  move 
f rorrt  to  back 


-possible 

high 

current 

-possible 


Torquei 
can  ab| 
shock 
come  ri 


nuisance 
101.  cut  out 
-excessive 
slippage  of 
Torque 
Limi ter 


10.17.02 


Cam  tracks 
broken 


Repeated  jams 


Conveyor  jams 
nt  broken 
t rack 


High 
current 
TOL  cut  s 
out 


Pending 
loss  of 
conveyor 
operat I on 
cam  rol 1 
jams  in 
brokon 
track 


Torque| 
si  ips 
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Symptoms- 

datectability 


Elfeci  of  Failure 


Local  Effect 


jams  Conveyor  runs  Same  as 
rough  symptom 


Conveyor  jams 
all  broken 
t rack 


High 
current 
TOL  cuts 
out 


End  Effect 

I -possible 
high 
current 
-possible 
nui.sancc 
101.  cut  out 
-excessive 
slippage  of 
Torque 
Llmi ter 


Existing 

compensating 

provision 

Torque  Limiter 
can  absorb  some 
shock  or  over- 
come roughness 


Level  Failure 

of  prob- 
Severity  ability 


Remarks  and  Recommendations 


Straighten  and/or  remove 
rough  spots  fn  cam  track. 
Remove  and  replace  faulty 
cam  pi  ate 


Pend Ing 
loss  of 
conveyor 
operation 
cam  rol I 
jams  in 
b token 
track 


Torque  Limiter 
si  i ps 


Remove  and  repair  cam  plate 
or  replace  faulty  cam  plate 
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Output  specification 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  0 

Failure 

Local  Effect 

End  Effect 

30.18  Tail 
Shaft  Sprocket 


Tills  item 
becomes  the 
main  support 
and  take-up  for 
the  carrier 
chain  and  guide 
the  guide  arms 
through  the  tai 
cam  plate 


30.18,01  Worn  shaft 
sprocket 


-misal ignment 

-abnormal 

jams 

-abnormal 

loading 


-polished 

teeth 

-ridges  in 
teeth 


Same  as  Rough 

symptom  conveyor 

operation 
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Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level 

of 

Severity 


Failure 

prob- 

ability 


Remarks  and  Recommendations 


ient 


-polished 

teeth 


-ridges  in 
teeth 


Same  as 
symptom 


Rough 

conveyor 

operation 


None 


1 


Replace  tail  shaft  sprocket 


Page  - 69  - 


Indenture  Level  No.  1 

Indenture  Level  No.  2 

Indenture  Level  No.  3 

Indenture  Level  No.  4 

Drawing  _ 

Output  specilication 
lunctional  description 


30.19  Tail 
Shaft 

Bearing  (s) 


Supports  the 
tail  shaft  (s 
at  both  the 
inboard  and 
outboard  end 
of  the  tail 
shaft. 


Operating  System 
Tati  Shaft  Bearings 

Coinmercia]  Part 


Failure  Mode 


REEQBI 


Description 


l30.19.0ll  Frozen  bearing 


Symptoms- 

detectability 

Efiect  ol  Failure 


-lack  of  prope-high  current  No  tall 
lubrication  -conveyor  will  .sprocket 
-contamination  not  run  rotation 

-improper 
alignment 


End  Elfcct 


Conveyor 

Inoperative 


30.19.02  Dynamic 
failure 


-normal  wear 
and  tear 
-overload 


-high  current  Trays  may 
-erratic  rock 

operation 


Incipient 
jams  at 
cam  track 
plates 


FALLUHE.mO£^NP_EJEFI(IL^ 
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Symptoms- 

detectability 


EfiKt  of  Failure 


Local  Effect 


End  Effect 


ExKtint 

compensatinf 

pioeisiofl 


leyel  Failure 

*f  prob- 

Semity  ability 


RcmarbsaNtl  Recommendations 


-loose  carrier 
chain 

-trays  rock 
or  tilt 


Incipient 
jams  at 
head  or 
tail  cam 
plates 


-same  as 
local  effee 
-possible 
loss  of 
conveyor 
operation 


Repair  or  replace  broken 
parts  - correct  take-np 
adjustment 
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Output  specification 
functional  description 


Failure  Mode 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


10.21  Head  30.21.01  Worn  or 

Driven  Sprocket  distorted 

key ways  and/or 
keys  at 

Connects  the  sprockets 


Connects  the 
jack  shaft  or 
reducer  output 
sprocket  to 
the  head  shaft 
sprocket 


30.21.02  Sprocket  key 
stress 
failure 


Repeated  jams  Tiays  may 

tilt  or  cock 


Incipient  Incipient 
jams  at  loss  of 

liead  or  tai  conveyor 
cams  operation 


-repeated 

jams 

-weak 

material 


Tilted  or  Jams  at  fioss  of 

ci'cked  trays  head  or  conveyor 

tail  cams  operation 


iaKSKfeii!;*!; 
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)m 

Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

Failure 

prob- 

ability 

detectability 

Local  Effect 

End  Effect 

Oi 

Severity 

HtfllldfKS  ilikil  OftCOnilJkUlltIdtiUllS 

[jams 

L 

Tr.'iys  may 
tilt  or  cock 

Inclpie.nt 
jams  at 
head  or  tal 
cams 

Incipient 
loss  of 
conveyor 
operation 

None 

T 

1 

Replace  sprocket  and  keys. 
Remove  sprocket  and  rework 
keys  and  keyways. 

1 

> 

T.i  1 ted  or 
cocked  trays 

Jams  at 
head  or 
tail  cams 

1.0SS  of 

conveyor 

operation 

Keys  see  a 
maximum  stress 
under  jam 
conditions 

A 

1 

Replace  worn  oi‘  distorted 
keys 

\ 

i 

\ 

\ 
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Output  specification 

Failure  Mode 

Possible  causes 

Symptoms- 

Effect  of  Failure 

Exit! 

compia 

provii 

.'I'aai 

functiunal  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

40.1.1 

40.1.1.1 

Starter  will 

Burned  out  coi 

LConveyor  will 

Conveyor 

Conveyor 

Use  spe© 

Three-speed 

not  operate 

or  burned  or 

run  okay  in 

does  not 

not  fully 

which  ar 

Reversing 

motor  at  1800 

worn  contacts 

900  and  1200 

run  in  one 

operative 

operativ 

Starter 

RPM  in  either 

on  1800  RPM 

RPM  mode  but 

or  more 

in  all 

up  or  down 

starter 

not  in  up  or 

directions 

speeds 

Tlie  three-speed 

direct) on 

down  at  1800 

at  1800  RPM 

reversing  start- 

RPM 

er  is  provided 

to  give  up/down 

40.1.1.2 

Starter  wil 1 no 

:Burnud  out  coi 

Conveyor  will 

Conveyor 

Conveyor 

Use  spefli 

directions  and 

operate  motor 

or  burned  or 

run  at  900  and 

does  not 

not  fully 

which  at* 

speed  selection 

at  1200  RPM  in 

worn  contacts 

1800  RPM  but 

run  in  up 

operative 

operatlw 

o i 8 , 10.7,  or 

one  or  both 

in  1200  RPM 

not  in  up  or 

or  down 

in  all 

16  trays  per 

directions 

starter 

down  mode  at 

mode  at 

speeds 

minute 

1200  RPM 

1200  RPM 

1 

40.1.1.3 

Starter  wil 1 

Burned  out  coi 

Conveyor  will 

Conveyor 

Conveyor 

Use  sped 

not  operate 

or  burned  or 

run  at  1200 

does  not 

not  ful ly 

which  at 

motor  at  900 

worn  contacts 

and  1800  RPM 

run  in  up 

operative 

operativ 

RPM  in  one  or 

in  900  RPM 

but  not  in 

or  down 

in  all 

- 

both  directions 

starter 

up  or  down 

mode  at  900 

speeds 

mode  at  900 

RPM 

■i 

1 

RPM 

J 

] 

(• 
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Symptoms* 

Effect  of  Failure 

Existing 

compensating 

Level 

of 

Failure 

prob- 

Remarks  and  Recommendations 

detectability 

n 

Local  Effect 

End  Effect 

provision 

Seventy 

ability 

boi 

. Conveyor:  will 

Conveyor 

Conveyor 

Use  speeds 

1 

1 

Repair  or  replace  coils  or 

r 

run  okay  in 

does  not 

not  fully 

which  are 

contacts  or  entire  1800  RPM 

ts 

900  and  1200 

run  in  one 

operative 

operative 

starter 

RPM  mode  but 

or  more 

in  all 

r 

not  in  up  or 

directions 

speeds 

down  at  1800 
RPM 

at  1800  RPM 

:COi 

.Cotrveyor  will 

Conveyor 

Conveyor 

Use  speeds 

1 

1 

Repair  or  replace  coils  or 

rr 

run  at  900  and 

does  not 

not  fully 

which  are 

contacts  or  entire  1200  RPM 

tts 

1800  RPM  but 

run  in  up 

operative 

operative 

starter 

1 

not  in  up  or 

or  down 

in  all 

down  mode  at 

mode  at 

speeds 

1200  RPM 

1200  RPM 

coi 

Conveyor  will 

Conveyor 

Conveyor 

Use  speeds 

1 

1 

Repair  or  replace  coils  or 

T 

run  at  1200 

does  not 

not  ful ly 

which  are 

contacts  or  entire  900  RPM 

;ts 

and  1800  RPM 

run  in  up 

operative 

operative 

starter 

but  not  in 

or  down 

in  all 

up  or  down 

mode  at  900 

speeds 

■ 

mode  at  900 

RPM 

RPM 
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Output  Specification 
functional  description 

Failure  Mode 

Possible  causes 

Symptonis- 

detectability 

Effect  of  Failure 

Existi 

cotnpeiH 

provi^ 

SN 

Description 

Local  Effect 

End  Effect 

40.1,2  Thermal 

40.1.2.1 

One  or  more 

burned  out  or 

-motor  may 

No  motor 

Conveyor 

i 

Emergencil 

Overload 

heater  element 

interrupted 

"single-phase" 

RPM 

inoperative 

switch  J 

inoperative 

heater  coils 

-motor  may  not 

Protects  the 

run  and  may 

motor  ayalnst 

overheat 

i 

high  current 

i 

overloads  in 

all  of  the 

40.1.2.2 

One  or  more  hi- 

-high  tempera- 

-none  under 

No  protect- 

Motor  may 

Noni 

three  phases 

metallic  strips 

ture  due  to 

normal  opera- 

ion  if  phas 

i overheat 

melted  or 

high  current 

tion  - frequen 

cwithout  the 

if  phase 

J 

broken 

-faulty  or 

cutting-out  of 

lOL  is  lost 

with  lost 

aged  strip 

lOL  if  phase 

thermal 

with  lOL  is 

overload 

lost  and 

becomes 

; 

overloads 

overloaded 

-high  current 

-loss  of 

-motor  over 

conveyor  if 

4 

heats  if  lost 

motor  burns 

phase  not  in 

out 

same  phase 

with  lOL 
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Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

> 

detectability 

Local  Effect 

End  Effect 

a 

-motor  may 

No  motor 

Conveyor 

Emergency  run 

4 

1 

Rest  of  thermal  overloads 

"single-phase" 

RPM 

inoperative 

switch 

would  open  - if  failure  not 

8 

-motor  may  not 
run  and  may 
overheat 

in  lOL  phase,  lOL  would  open. 

ra- 

-none  under 

No  protect- 

Motor  may 

None 

2 

1 

Perform  checks  of  safety 

normal  opera- 

ion  if  phas 

! overheat 

devices  to  assure  operational 

it 

tion  - frequen 

twithout  the 

•if  phase 

capability  per  technical 

cutting-out  of 

lOL  is  lost 

with  lost 

manual. 

lOL  if  phase 
with  lOI.  is 
lost  and 

thermal 

overload 

becomes 

Repair  or  replace  faulty 
thennal  overload  controls 

overloads 

overloaded 

-high  current 

-loss  of 

■ 

-motor  over 

conveyor  if 

heats  if  lost 

motor  burns 

phase  not  in 
same  phase 

out 

with  lOL 
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mCALGONVEYOB  SYSTEM 

Control  System 

Controller 

Instant  Overlo.qd  Relay 


Output  ipecification 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


AO. 1.3  Instant 
Overload  Relay 
(lOL) 


Tltis  element 
protects  the 
motor  against  a 
high  current 
condition.  It 
is  set  to  cut 
out  at  1157. 
of  normal 
load  current. 


AO, 1,3.1  -burned  or 
interrupted 
coil 


-faulty  or 
aged  i.iiiterial 


-motor  will 
single  phase 
-motor  will 
hum  and  may 
overheat 
-high  current 
-motor  may 
burn  out 
windings  not 
in  lOL  circuit 


No  motor  Conveyor  Emergens 
RPM  inoperative! switch 


'il'  '^J*.  yr-U!!l 
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1 

Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

1 

detectability 

Local  Effect 

End  Effect 

1 

-motor  will 
single  phase 
-motor  will 
hum  and  may 
overheat 
-high  current 
-motor  may 
burn  out 
windings  not 
in  lOL  circuit 

No  motor 
RPM 

Conveyor 

inoperative 

Emergency  run 
switch 

3 

1 

Thermal  overloads  would  open 
due  to  single  phasing  of 
motor  circuits.  Repair  or 
replace  faulty  instantaneous 
overload  control. 
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1 

Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

1 

detectability 

Local  Effect 

End  Effect 

f. 

5. 

ge 

Motor  starts 
but  stops 
when  lOL  kicks 
out 

Motor  will 
not  run 

continuous! 

Conveyor 

inoperative 

Emergency  run 
switch 

3 

1 

Thermal  overload  will  open  due 
to  high  motor  current.  Repair 
or  replace  faulty  lOL  by-pass 
timer 

itac 

:s 

d 

Motor  starts 
but  stops 
when  lOL  kicks 
out 

Motor  will 
not  run 
continuous! 

Conveyor 

inoperative 

r 

Emergency  run 
swi tch 

3 

1 

Thermal  overload  will  open  due 
to  high  motor  current.  Repair 
or  replace  faulty  lOL  by-pass 
timer 

’ % 

\ 

None  under 

normal 

operation 

No 

protection 
from  lOL 

Motor  may 
overheat  if 
system  gets 
januned  or 
overloaded 

Conveyor  will 
run  but  not 
with  lOL 
protection 

3 

1 

Thermal  overload  will  handle 
if  high  current.  But  mechani- 
cal damage  may  result  before 
thermal  overload  can  protect 
system. 

Page  - 76  - 

Form  N')  2/6  6 


Iiulunture  Level  No.  1 
indenture  Level  No.  2 
Indenture  Level  No.  3 
ln>'''iiture  Level  No.  4 


mCAL  CONVEYOR  SYSTEM. 

Contfol  Systuiii 

Controller 

110  Volt  Transformer 

Commercial  Part 
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Output  specification 
functional  description 


Failure  Mode 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


AO. 1.5  AAOV  to 
llOV  Transformer 


This  llOV 
transformer 
supplies  the 
power  to  operate 
all  control 
circuits 


0. 1.5.1 


Burned  out  or 

shorted 

winding 


-faulty  or 

overage 

material 

-mechanical 

damage 


Relays  and  No  power  Conveyor 
starters  will  to  control  inoperative 
not  operate  part  of 
system 
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APPROVED; 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


Relays  and  No  power  conveyor 
starters  will  to  control  inoperat 
not  operate  part  of 
system 


Conveyor 


Rewind  or  replace  faulty 
transformer. 
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Control Icr 
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OuttJut  specification 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


AO. 1.6  First 
Speed  Relay 

40.1.7  Second 
Speed  Relay 

40.1.8  Third 
Speed  Relay 


The.se  speed 
relays  are 
provided  so  as 
to  iiiake  proper 
selection  of 
speeds  from  the 
Controller,  they 
are  interlocked 
in  the  circuit 
so  that  only 
one  can  operate 
at  any  one  time 


Use  opei^ 
speeds  I 


two  speeds  reniainiii 


Same  as  Conveyor  Use  at  c 
end  effect  limited  to  speed  oii 
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Output  specification 
functional  description 


mCALCQNVEVOR  SYSTEM 

Control  System 
Controller 

Over-the-door  Jam  SenalnK  Relay 
Conmiercial  Part 


aEPQRT 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


Over- 
the-door  Jam 
Sensing  Relay 

The  over-the- 
door  Jam  Sensin 
Relay  is  provi- 
ded to  protect 
tlie  conveyor 
if  a package 
is  out  of 
position  .such 
that  it  would 
jam  between  the 
tray  and  the 
door  in  a 
strike-up  mode. 


0. 1.9.1 


Burned  or 
shorted  coil 


-mechanical 
damage 
-faulty  or 
overage 
material 


tO.1.9.2  I Contacts  weldedl  -high  current 


No  current  Same  as  Conveyor 

to  motor  end  effect  inoperative' 


together 


-faulty 
materi al 


Conveyor 
operative 
but  does 
not  have 
over-the- 
door 

protection 


Torque  I 
will  ta| 
at  115%1 
full  lol 
torque  . 
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DATE: 


1 

Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

1 

detectability 

Local  Effect 

End  Effect 

: 

No  current 
to  motor 

Same  as 
end  effect 

Conveyor 

Inoperative 

None 

3 

1 

Replace  faulty  coil  or  replace 
over-the-door  Jam  Sensing 
Relay 

bt 

; 

None 

None 

Conveyor 
operative 
but  does 
not  have 
over-the- 
door 

protection 

Torque  Limiter 
will  take  over 
at  115%  of 
full  load 
torque 

2 

1 

Replace  Over-the-door  Jam 
Sensing  Relay 
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Control  System 
Control ler 

Load/Unloadcr  Interlock  Jam  Sensing  Relay 


EAlJLIiB£_MQB£^D_ EFFECT  ANALYSIS 
REPORT 


FAILURE  MODE  AND  EFFECT  ANALYSIS 
REPORT 


Contrict  No.  N00024*72’C-5500 

Organization  KORNYLAK  CORPORATION 

By  ENGINEERING  DEPT.,  KORNYLAK  CORP. 


APPROVED: 


Form  No  7/0  6 


1.  M i 


Indenture  Level  No.  1 
Indenture  Level  No.  2 
Indenture  Level  No.  3 
I ■■  *»nture  Level  No.  4 
Drawing 


VERTICAL  CONVEYOR  SYSTEM 
Control  ' 


System 


Controller 
Audio  signal 


Timer 


Commercial  Part 


II 


REPORT 


Output  specification 

Failure  Mode 

Possible  causes 

Symptoms- 

Effect  of  Failure 

Exit 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

proy 

AO. 1.11  Audio 
Signal  Timer 

This  signal 
timer  i-  provldt 
to  warn  users 
that  the 

conveyor  is  aboi 
to  start.  The 
conveyor  starts 
only  after  the 
warning  signal 
ceases 

AO. 1.11.1 

d 

t 

-burned  or 
open  coil 
-welded 
contacts 

-faulty 

material 

-overage 

material 

-mechanical 

damage 

-no  warning 
sound 
-conveyor 
will  noL  run 

No  current 
to  motor 

Conveyor 

Inoperative 

Non 

REPORT 
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DATE: 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


-no  warning  No  current  Conveyor 

sound  to  motor  inoperative 

-conveyor 
will  not  run 


Repair  or  replace  audio 
signal  timer. 
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APPROVER; 


Symptoms- 

detectability 


Eitect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


-Keel  "Power  No  power  to  Conveyor 
On"  light  does  motor  inoperative 

not  light. 

-No  power  to 
control  circuit 


1 Replace  power  off/on  switch. 
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Indenture  level  No.  1 VERTICAL  CONVEYOR  SYSTE 
Indenture  Level  No.  2 Gonti-o|  System 
Indenture  Level  No.  3 Controller  Station 


Itolenture  Level  No.  4 
Drawing 


Three-positton  Speed  Selector  Switch 
Commercial  Part 


REPOBI 


Output  specification 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


^tO.2.2  Three-  40.2.2.1 
position  Speed 
Selector 
Switch 


This  switch  is 
provided  for 

speed  selection  40.2.2.2 
depending  on 
skill  of 
operating  crew 
and  the  desired 
transfer  rate. 


Burned  or  worn  -Faulty 
contacts  in  one  material 
position  -Mechanl''.al 

damage 
-Overheating 
-Overage 
material 

Burned  or  worn  -Faulty 
contacts  in  two  material 
positions  -Mechanical 

damage 
-Overheating 
-Overage 
material 


One  speed 
range  is 
inoperable 


Two  speed 
ranges  are 
Inoperable 


Same  as  end  Conveyor  Use  opei 

effect  operates  in  speeds  i 

two  speeds  _i 

only.  i 


Same  as  end  Conveyor  Use  reni 
effect  operates  on  working" 

one  speed  ; 

only 


40.2.2.3  Burned  or  worn  -Faulty 
contacts  in  all  material 
positions.  -Mechani 


-Mechanical 

damage 

-Overheating 

-Overage 

material 


A1 1 speeds  are  No  power  to  Conveyor 
inoperable  motor  inoperativ< 


N' 
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Symptoms- 

Efiect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

detectability 

Local  Efiect 

End  Effect 

r, 

t 

( 

One  speed 
range  is 
inoperable 

Same  as  end 
effect 

Conveyor 
operates  in 
two  speeds 
only. 

Use  operational 
speeds 

2 

1 

Replace  faulty  speed  selection 
switch. 

Two  speed 
ranges  are 
inoperable 

Same  as  end 
effect 

Conveyor 
operates  or 
one  speed 
only 

Use  remaining 
working  speed. 

2 

1 

Replace  faulty  speed  selection 
switch. 

'r 

All  speeds  are 
inoperable 

No  power  to 
motor 

Conveyor 

inoperativt 

None 

4 

1 

Replace  faulty  speed  selection 
switch. 
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Controller  Station 
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1 ' 

Svmptomt- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

detectability 

Local  Effect 

End  Effect 

1 

I * 

< 

: 

( 

- 

t. 

^ed  light  does 
lot  come  on  to 
Indicate 
readiness 

Same  as  end 
effect 

Operating 
status  is 
not  known 
to  operatir 
personnel 

None 

1 

1 

Check  wiring  - replace  bulb 
or  replace  power-on  red  light. 
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Controller 

Emernencv  Run  Switch 
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I 


Syniptonu- 

detecUbilily 


APPROVED: 


Effact  of  Failufc 


Local  EffKt 


End  Effect 


Existing 

compensatini 

provision 


Level 

of 

Severity 


Feiitire 

prob- 

ability 


DATE: 


Remarks  and  Recommendations 


None 


None 


If  conveyor 
should  jam 
luocor  may 
burn  out 
due  to 
overheating 
without 
protection 


Torque  Limiter 
will  take  over 
if  torque 
reaches  115%  of 
nonnai 


2 


1 Nomal  jam  conditions  would  he 
detected  by  jam  switches  which 
would  still  be  operable.  This 
would  have  to  be  a jam  of  rare 
or  unjsual  origin,  before 
emergency  run  switch  would  be 
suspected 


Detectable 
only  if  lOL 
or  thermal 
overload  cut 
out  need  to  be 
bypassed 


None 


I 


lOL  and 
thermal 
overload 
control 
cannot  bo 
passed  in 
case  of 
emergency 


None 


1 Remove  cause  of  lOL  and 

themal  overload  cut  uut  then 
replace  emergency  run  switch 
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Indenture  Level  No.  2 Control  System  

Indenture  Level  No.  3 Intermediate  Station 
Indenture  Level  No.  4 Creen  Power-On  lAfjjilL 
Commercial  Part 
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Drewing 


Output  specification 
functional  description 


40.3.1  Green  |40.3.1.1 
Power  On  Liyht 


This  light  is 
provided  to 
advise  operating 
crew  at  remote 
station  that 
conveyor  is 
ready  to  run 
at  all  other 
stations. 


Failure  Mode 


SN 


Description 


Burned  out  bulb 
Loose  wire 
Faulty  socket 


Possible  causes 


-Lack  of 
maintenance 
-Excessive 
•Ibration 
Overage 
material 


Light  does  not 
come  on  to 
indicate 
readiness 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


Same  as  end 
effect 


End  Effect 


Operational! 
status  is 
not  known 
to  crew 


Crew  me 
call  to| 
with  oti 
station! 
readine 
equiprae 


iliiWii-'lnif  • 
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Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


APPROVED: 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


Light  does  not  Same  as  end 
come  on  to  effect 
indicate 
readiness 


Operational  Crew  member  can 
status  is  call  to  or  checl 

not  known  with  other 

to  crew  stations  for 
readiness  of 
equipment. 


Check  wiring  - replace  bulb  or 
replace  power-ott  light. 
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Control  System 
Intermediate  Station  ~ 

Stop  Push-On  Pull  (Red  LLaht  on  Stop) 
Commercial  Part 
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Iiuteiiture  Level  No.  1 
indenture  Level  No.  2 
indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


Control  Svsttnn  

Intermediate  StatiotT 

Up/Down  Push  Button^ 
CoimnerciaL  Part  (sj 
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Output  specification 
functional  description 


Failure  Mode 


Passible  causes 


Description 


Syniptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


40.3.3 

40.3.4 
"Up"  Push 
Button 
"Down"  Push 
Button 


40.3.3.1  Burned  or  worn  -Faulty 

40.3.4.1  contacts  material 

-Overheating 
-Overage 
materi al 


Conveyor  will  Same  as  end 
not  operate  in  effect 
one  direction 


direction 

only 


This  conveyor 
motion  up  or 
down  push 
button  is 
provided  for 
selecting 
the  direction 
of  travel 


40.3.3.2  Contacts  welded  -Overheating 

40.3.4.2  together  -Faulty 

material 


Conveyor  locked  Same  as 
in  to  one  run  end  effect 
direction 


Conveyor 
operates 
in  one 
dir.cti  on 
as  soon  as 
"0.  Full" 
switch  is 
activated 
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Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

f 

detectability 

Local  Effect 

End  Effect 

, 

i 

Convey oi‘  will 
not  operate  in 
one  direction 

Same  as  end 
effect 

Conveyor 
operates  ii 
one 

direction 

only 

None 

3 

1 

Replace  faulty  "Up"  or  "Down" 
push  button 

■ 

r 

' 

Conveyor  locke< 
in  to  one  run 
direction 

Same  as 
end  effect 

Conveyor 
operates 
in  one 
direction 
as  soon  as 
"On  Pull" 
switch  is 
activated 

' ^ ' 

None 

3 

1 

Replace  faulty  "Up"  or  "Down" 
push  button 
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Output  specification 
functional  description 


Failure  Mode 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


50.  1 Audio  50.3.01 

Signal 

The  audio  signal 
sounds  off  at 
each  level  to 
warn  personnel 
that  conveyor  50.3.02 
i s about  to 
start.  This 
signal  operates 
two  to  three 
seconds  before 
conveyor  motion 
starts  50.3.03 


Sounding  coil 
shorted  out 


Sounding  coll 
open 


Diaphram 

ruptured 


-electrical  Low  volume  or  Same  as  end  Conveyor 

damage  no  sound  effect  operative 

-high  current  hov/ever  it 

has  no 

start-up 

signal 


Electrical 

damage 


-mechanical 
damage 
-faulty  or 
overage 
material 


No  sound 


Distorted  or 
inaudible 


Same  as  end  Conveyor 
effect  operative 

however  it 
has  no 
start-up 
signal 

Same  as  end  Conveyor 
effect  operative 

but  has  no 
clear  start 
up  signal 
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Symptoms- 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

1 

detectability 

Locil  Effect 

End  Effect 

Low  volume  or 
no  sound 

Same  as  end 
effect 

Conveyor 
operative 
however  it 
has  no 
start-up 
signal 

None 

1 

1 

Repair  or  replace  horn 

No  sound 

Satr  as  end 
effect 

Conveyor 
operative 
however  it 
has  no 
start-up 
signal 

None 

1 

1 

Repair  or  replace  horn 

Distorted  or 

inaudible 

sound 

Same  as  end 
effect 

Conveyor 
operative 
but  has  no 
clear  start 
up  signal 

None 

1 

1 

Repair  or  replace  horn 

1 

It 

i 

f 

Page  - 01  - 

t 

-~N. 

Form  No.  2/6  6 

I 

f 


I 


EAILUBE  MQDE-ANDBEEECIJkNALYSlS. 
BEEQBT 


ConUKt  No.  N00024  72  C 5500 

Oriinuatkin  KhRNYlAK  COHroRATION 
By  ENGINEERING  OEPT. . KORNVLAK  CORP. 


APPROVED; 


Elfect  nl  Failure 


ElCKtMg 

compcnsatiiii 

IMOvision 


Level  Failure 

of  prob- 

Sevcrily  ability 


Remarks  ami  Recommenilalions 


This  Item  is  analyzed  as  nan 
of  the  drive  system  — 
element  number  10.3 


Tayt;  - ''2 


Indenture  Level  No.  4 


Drawing  Ootnmercial  Part 
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Failure  Mode 

Possible  causes 

Symptoms- 

Effect  of  Failure 

Exi 

compt 

pr« 

functional  descriptinn 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

50.5  Bottom  Over 

Bottom  over- 

-bottom  limit 

Conveyor 

Same  as 

Noi 

Travel  Limit 

50.5.01 

travel  limit 

switch 

inoperative 

symptom 

Switch 

switch  locked 

damaged 

in  down 

t 

open 

-poor  contacts 

travel 

i 

This  bottom 

50.5.02 

Bottom  limit 

-bottom  limit 

Bottom  limit 

Package 

Conveyor 

Torqu% 

overtravel  limit 

switch  locked 

switch 

switch  is  not 

may  jam 

operative 

will  t 

switch  senses 

closed 

damaged 

capable  of 

without 

in  down 

if  a j 

and  prevents 

-welded 

detecting  and 

protection 

travel  but 

create 

packages  from 

contacts 

stopping 

the  poten- 

torque 

passing  through, 

-locked 

conveyor  in 

tial  to  jam 

of  fuL 

it  operates  on 

actuator 

down  travel 

is  increase 

1 torque 

strike  down 

-damaged 

even  with  a 

significant 

y ^ 

only 

contact  spring 

jammed 

package 

; 

■■ 

J 

'S: 

\ 
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1 

i 
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detectability 


Eiiect  of  Failure 


Local  Effect 


End  Effect 


Existing 

compensating 

provision 


Level  Failure 

of  prob- 

Severity  ability 


Remarks  and  Recommendations 


git  Conveyor 

inoperative 
in  down 
gets  travel 

git  Bottom  Limit 
switch  is  not 
capable  of 
detecting  and 
stopping 
conveyor  in 
down  travel 
■ even  with  a 
ring  jammed 
package 


Same  as 
symptom 


Package 
may  jam 
without 
protection 


Conveyor 
operative 
in  down 
travel  but 
the  poten- 


Torque  Limiter 
will  take  over 
if  a Jam 
creates  a 
torque  of  115% 


Correct  cause  of  problem  at 
bottom  of  conveyor.  Replace 
bottom  over-travel  limit 
swJ  tch 

Remove  cause  of  limit  switch 
damage.  Replace  bottom  over- 
travel switch. 


tial  to  jam  of  full  load 
is  increased  torque 
significant  y 
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Loader/lfnloader  Interlock 


■ Gpiiimercial  Part 


Output  specification 

Failure  Mode 

Possible  causes 

Symptoms* 

Effect  of  Failure 

functional  description 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

50.6  Loader/ 

Unloader 

Interlock 

50.6.01 

Load  e r / Un 1 oad  e r 
interlock 
switch  Is 
locked  open 

-limit  switch 

damaged 

-poor  contacts 

Conveyor  is 
inoperative 
in  down 
travel 

• 

Same  as 
symptom 

The  Loader/ 
Unloader  inter- 
lock prevents 
strike  down 
operation  shoulc 
the  Loader/ 
Unloader  be  in 
horizontal 
position  instead 
of  the  tilted 
unload  position- 

50.6.02 

liOader/Unloader 
interlock 
switch  is 
locked  in 
closed 
position 

-limit  switch 

damaged 

-welded 

contacts 

-locked 

actuator 

-damaged 

contact  spring 

Loader/Unloade 
switch  is  not 
capable  of 
detecting  that 
Loader/ 

Unloader  is  in 
horizontal 
position  and 
cannot  prevent 
down  travel. 

r Package 
may  jam 
without 
protection 

Conveyor 
operative 
however  the 
possibility 
of  a jam 
in  down 
travel  is 
significan- 
tly incre- 
ased. 

Nol 


Torque 
will  I 
if  jain 
a torq 
1157.  o 
load  t 


operates  during 
strike  down. 
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Syinptoms- 

detectability 

Effect  of  Failure 

Existing 

compensating 

provision 

Level 

of 

Severity 

Failure 

prob- 

ability 

Remarks  and  Recommendations 

Local  Effect 

End  Effect 

|ch 

Conveyor  is 

... 

Same  as 

None 

4 

1 

Correct  cause  of  problem  at 

inoperative 

symptom 

Loader /Un loader  interlock. 

tcts 

in  dovm 

Replace  Loadcr/Unloader 

' 

travel 

interlock  switch. 

;ch 

Loader/Unloade 

r Pack£.,.ie 

Conveyor 

Torque  Limiter 

2 

1 

Remove  cause  of  limit  switch 

switch  is  not 

may  jam 

operative 

will  take  over 

damage.  Replace  Loader/ 

capable  of 

without 

however  the 

if  jam  creates 

Unloader  interlock  switch 

detecting  that 

protection 

possibility 

a torque  of 

1 

Loader/ 

of  a jam 

1157.  of  full 

1 

Unloader  Is  in 

in  down 

load  torque. 

horizontal 

travel  is 

Ing 

position  and 

significan- 

cannot  prevent 

tly  incre- 

down  travel. 

ased. 

1 
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Symptoms- 

Effect  of  Failure  1 

Exid 

compel 

praej 

Possible  causes 

functional  detciiption 

SN 

Description 

detectability 

Local  Effect 

End  Effect 

50.7  Loader/ 

50.7.01 

Loader /Unioader 

-limit  switch 

Conv'eyor  is 

... 

Same  as 

^ 

Noli 

Uii loader  Jam 

Jam  Sensing 

damaged 

inoperative  in 

symptom 

1 

Sensing  Switch 

switch  is 
locked  open 

-bad  contacts 

down  travel 

This  Loader/ 
Unioader  Jam 
Sensing  Switch 

stops  the 

50.7,02 

Loader/Unloader 

-limit  switch 

Loader/ 

Package 

Conveyor 

Torque  f 

conveyor  should 

Jam  Sensing 

damaged 

Unioader  jam 

may  jam 

operative 

will  ta| 

a down-coming 

Switch  is 

-welded  contac 

: sensing 

wi thout 

but  the 

if  jam  4 

tray  strike  a 

locked  closed 

-locked 

switch  is  not 

protection 

propensity 

a torquj 

package  not 

actuator 

capable  of 

to  jam  is 

1157,  of  ] 

completely 

-damaged 

detecting  a 

increased 

load  toi 

ejected  after 

contact  spring 

package  not 

significan- 

1 

the  package  has 

completely 

tly 

1 

depressed  the 

ejected  from 

1 

Loader/Unloader 

Loader/ 

a pre-set 
distance 

Unioader 

i 

i 

i 

1 

1 

Conveyor  Is 
inoperative  in 
dov;n  travel 


Same  as 
symptom 


Correct  cause  of  problem  at 
Loader /Unloader  jam  sensing, 
switch*  Replace  Loader/ 
Unloadcr  jam  sensing  .switch 


Loader/  Package  Conveyor 

Un loader  jam  may  jam  operative 

: sensing  without  but  the 

switch  is  not  protection  propensity 

capable  of  to  jam  is 

detecting  a Increased 

package  not  significan- 

completely  tly 

ejected  from 
Loader/ 

Un  loader 


Torque  Limiter 
will  take  over 
if  jam  creates 
a torque  of 
1157.  of  full 
load  torque 


Remove  cause  of  Loader/ 
Unloader  Jam  Sensing  Switch 
damage*  Replace  Loader/ 
Unloader  Jam  Sensing  Switch. 
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Indenture  Level  No.  3 

i'ldemuie  I evel  No.  4 

Otawing  _ 
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functional  description 


50,8  Top  Over- 
travel Limit 
Switch 


Tlii.s  top  over- 
travel  limit 
quitch  prevents 
packages  from 
passing  through 
and  jamming  at 
the  top  of  the 
conveyor* 
Operates  on 
.strike  up  only. 


Safety  Devices 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


jO.8.01 


BO.  8. 02 


Top  Overtravel  -top  limit  Conveyor  inop-  Same  as 

Limit  Switch  switch  erative  in  symptom 

lockoc  open  damaged  "up"  travel 

-poor  contacts 


Top  Ovtrtravel 
Limit  Switch 
locked  closed 


-top  limf t 
switch 
damaged 
•welded 
contacts 
-locked 
actuator 
-damaged 


Top  ovcrtravell  Package  mayl Conveyor 


limit  switch 
is  not 
capable  of 
detecting  and 
stopping 
conveyor  in 
"up"  travel 


jam  without  operative 
protection  but  the 

propensity 
to  jam  is 
increased 
significan- 
tly 


Torque 
will  ti 
if  jam 
a torqi 
115%  o 
load  tc 


contact  spring  even  with  a 

package  in  the 
jam  position 


I 
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Symptoois- 

detecubility 


Effect  of  Failure 


LomI  Effect 


End  Effect 


Exitting 

ccmpcnsilini 

provition 


Level  Failure 

of  prob- 

Severity  ability 


Remarlu  and  Recommendations 


Conveyor  inop-  Same  as 
erativc  in  symptom 
"up"  travel 


Tup  ovcrtravel  Package  may 

Unit  switch  Jam  without 

is  not  protection 

capable  of 

detecting  and 

stopping 

conveyor  in 

"up"  travel 


Ing  even  with  a 
package  in  th< 
jam  position 


Conveyor 
operative 
but  the 
propensity 
to  jam  Is 
Increased 
significan- 
tly 


Torque  Limiter 
will  take  over 
if  jam  creates 
a torque  of 
115%  of  full 
load  torque 


Correct  cause  of  problem  at 
top  of  conveyt-r.  Replace  top 
overtravel  limit  switch. 


Correct  ca tse  of  problem. 
Replace  top  overtravel  limit 
s*  itch. 
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Indenture  Level  No.  3 
Indenture  Level  No.  4 
Drawing 


Over-the-door  Jam  Sciiaim»  Switch 


Conimei-clal  Part 


Output  spesification 
functional  dc»ription 


Failure  Mode 


SN 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Ex 

“a 


50,9  Over-the- 
door  Jam 
Sensing  Switch 


50.9.01 


Ovcr-thc-door 


jam  sensing 
switch  locked 


open 


-door  jam 
switch 
damaged 
-poor  contacts 


Conveyor 
inoperative  lii| 
both  dircctioiJs 


Same  as 
symptom 


Noi 


This  over-the- 
door  jam  sensin^j 
switch  stops 
the  conveyor  if 
activated  by 
a mislocated 
package  — 
prevents  a jam 
between  the 
tray  and  the 
upper  door 
coami ng. 


50.9.02 


Over-the-door 
jam  sensing 
switch  locked 
closed 


-door  jan. 
switch  daiiiaged 
-welded  coatac 
-locked 
actuator 
-damaged 
contact  spring 


Switch  is  not 
capable  of 
detecting 
and  stopping 
conveyor  in 
up  or  down 
travel  with 
a jammed 
package 


Package  may 
jam  without 
protection 


Conveyor 
operative 
but  the 
propensity 
to  Jam  is 
increased 
significan- 
tly 


Torque 
will  td 
if  a jd 
a torqul 
1157.  off 
load  toj 
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APPROVER: 


Symptoms* 

detectability 


Effect  of  Failure 


Local  Effect  I End  Effect 


Existini 

compensatini 

provision 


Level  Failure 

of  prob- 

Severity  ability 


OATE: 


Remarks  and  Recommendations 


Conveyor 
inoperative  in 
both  direction 


Same  as 
symptom 


Correct  cause  of  problem. 
Replace  over-the-door  jam 
sensing  switch. 


Switch  Is  not 
capable  of 
: detecting 
and  stopping 
conveyor  in 

I up  or  down 
travel  with 
a jammed 
package 


Package  may  Conveyor 
jam  without  operative 
protection  but  the 

propensity 
to  jam  is 
increased 
significan- 
tly 


Torque  Limiter 
will  take  over 
if  a jam  creates 
a torque  of 
1157.  of  full 
load  torque. 


Remove  cause  of  limit  switch 
damage.  Replace  over-the- 
docr  jam  sensing  limit  switch. 


Page  - 97  - 


EAlLUHt  MQE£AfclD-£E£££I.AMALY^tS. 
fiEeOfil 


I 


indenture  Level  No.  1 
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Drawing 


mCAL  CONVEYOR  SYSTEM 

Safety  Devices 

Torque  I.iiiii  ter 


..oirunercial 
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CmIiki  No.  N0I024  72  C SSQfl 
OrtMualioo  K 

ly  ENCINfEBINC  PEP 


AfTROVEO: 


Symptoms- 

detectability 


Effect  of  Failuie 


Local  Effect 


Eitd  Effect 


Existioi 

compeosatioi 

ptoeisioo 


Level  Failure 

of  prob- 

Severity  ability 


RemariK  aod  RecowmeadatiorH 


This  item  analyzed  as  part  of 
the  drive  system  as  clement 
number  10.3 
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Output  specification 
functional  description 


Failure  Mode 


SN 


Oescription 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


compi 

prpi 


60,1  Platform 


60.1.01 


The  platform 
is  the  device 
which  is  used 
to  position 
the  loads  for 
pick  off  in  the 
up  mode  or 
extract  loads 
in  the  down 
mode 


Platform  is 
not  readily 
positioned 
between 
brackets 


Improper 

clearance 

between 

brackets 


Difficult  to 


Difficult 


move  from  to  put  into 

stowed  positicn  use 
to  load 
position  and/ 
or  unload 


Nuisance 

factor 


1 

I 


C\ 


{ > 


Symptoms- 

detectability 


Effect  of  Failure 
Local  Effect  End  Effect 


Difficult  to 
move  from 
stowed  positi 
to  load 
position  and/ 
or  unload 


Difficult 
to  put  into 
n use 


Nuisance 

factor 


Existing 

Level 

Failure 

compensating 

of 

prob- 

provision 

Severity 

ability 

None  21 


Remarks  and  Recommendations 


Replace  shim  washer  to  get 
proper  clearance 
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Indenture  Level  No.  4 - .. 
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Output  specification 
functional  description 


Failure  Mode 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


60.2  Mounting 
and  Stowing 
Bracket  R.H, 

60.3  Mounting 
and  Stowing 
Bracket  L.H, 


60.2.01 

160.3.01 


Bent  bracket 


External 

damage 


Impossible  or 
difficult  to 
position 
platform  in 
load  and/or 
unload 
positions 


Limited 

direction 

travel 


No  down 
travel  if 
not  able 
to  place 
in  unload 
position 


Supports  the 
platform  in 
various 
positions 


REPORT 


Syinptoms- 

detcctability 


Effect  of  Failure 


Local  Effect 


End  Effect 


ExUting 

compensatinj 

provision 


Impossible  or 
difficult  to 
position 
platform  in 
load  and/or 
unload 
posl tions 


Limited 

direction 

travel 


No  dovm 
travel  if 
not  able 
to  place 
in  unload 
position 


None 


i 

I 


I Indenture  Level  No.  1 
1 Indenture  Level  No.  2 

indenture  Level  No.  3 
indenture  Level  No  4 
Dtawins 


'platform  Depress  Mechanlsjn  R.H.  and  L.U. 


2-i026-p'i'^ 


Output  specification 
functional  description 


Failure  Mode 


Possiiile  causes 


Description 


60.4  Platform  60.4.01  Binding  of  guide  Wear 
Depress  60.5.01  shaft  in  guide 

Mechanism  L.H.  plate  sli  e 


60.5  Platform 
Depress 

Mechanism  R»H. 

With  platfonn 
tilted  about 
30  dcp'-ees  from 
horizontal  the 
load/unload 
•;hanism  is 
oesigned  to 
sense  a down- 
coming jam.  By 
depressing  the 
tip  of  the 
platform  finger 
this  releases 
an  over-the- 
center  latch 
de-activating 
the  jam 

sensing  switch 
and  stopping 
the  conveyor 


60.4.02  Binding  in 
60.5.01  guide  plate 
slide 


60,4,01  Pins  work  out  of  Wear 

60.5.03  connecting  arms 

60.4.04  Pivot  block  Wear 

60.5.04  holes  are 
oversize 


PftH  i^RE  MODE  AMQ-E£££C3LANALYS1S. 
R.EP0B1 


Symptoms- 

detecUbility 


Effect  of  Failure 


Local  Effect 


End  Effect 


Platform  Platform  will  With  down 

finger  cannot  not  depress  travel 
be  depressed  to  open  circuit 

down  travel  still 
circuit  engaged 

there  is  no 
jam  protec- 
tion in 
down  mode 

Platform  Platform  With  down 

finger  cannot  will  not  travel 

be  depressed  depress  to  circuit 

open  down  still 

travel  engaged 

circuit  there  is  no 


Loss  of  spring  Cannot 
pressure  position 

unloader 

Sensing  travel  Slower 
of  platform  reaction  dm 
is  increased  to  the 

Increased 

sensing 

movement 

required 


No  down 
travel 


Nuisance 
shut  down 
for 

I adjustment 


Indenture  Level  No.  1 
Indenture  Level  Nu.  2 
Indenture  Level  No.  3 
Indenture  Level  No.  4 


BTICAI-,POiVVPYQH§Y§.TiM,.., ^ , 

I.oad/Unload  Devices  (nnKe  -2-) 

ortn  Depress  Mechanism  R,H.  and  L.H.  (cont'd) 

2-1026-P10F 


REPORT 


Output  specification 
functional  description 


Failure  Mode 


Possible  causes 


Description 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


60.4.05  Worn  pivot  arm  Wear 

60.5.05  bushing 


- coni Inued  - 

Slight  loss  ol Increased  Nuisance 

spring  sensitivity  shut  down 

pressure  to  smaller  for 

loads  adjustment 


60.4.06  Broken  spring  -fatigue 

60.5.06  -faulty 

material 


Unable  to 
raise  plat- 
form from 
load  to 
unload 
position 


If  platform  No  down 

is  not  in  travel 

unload 

position 

there  can 

be  no  down 

travel 


REEQRI 


;H,  (cont'd) 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


- coni 

linued  - 

Slight  loss  ol 

iincreased 

Nuisance 

spring 

sensitivity 

shut  down 

pressure 

to  smaller 

for 

loads 

adjustment 

Unable  to 

If  platform 

No  down 

raise  plat- 

is not  in 

travel 

form  from 

unload 

load  to 

position 

unload 

there  can 

position 

be  no  down 
travel 

Existing 

compensating 

provision 


Contract  No.  N00024-72  C-S500 

Organiiation  KORNVlAK  CORPORATION 
By  ENGINEERING  DEPT. , KORNYIAK  CORP. 


Level  Failure 

of  prob- 
Severity  ability 


APPROVED: DATE: 

Failure 

prob-  Remarks  and  Recommendations 


1 Adjust  spring  pressure 


Replace  broken  spring. 
Adjust  linkage  and  spiing 
pressure  to  suit 
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APPROVED: 


Symptoms- 

dctectability 


-coupling 
visably  loose 
-looseness  of 
stub  shaft 
-loss  of 
spring 
pressure 


Effect  of  Failure 


Local  Effect 


End  Effect 


ExistinB 

compentatini 

provision 


Level 

Failure 

of 

prob- 

Severity 

ability 

Guides  will  -platform 
not  lock  would  cock 


into 

unload 

position 


or  jam 

-would  not 

reach 

unload 

position 

-no  down 

mode 

operation 


Remarks  and  Recommendations 


Place  platform  in  load 
position.  Re-position  stub 
shaft  and  levels.  Tighten 
coupling. 


Iiidentute  Level  No  1 VERTICAL  CONVEYOR  SYSTEM 
liideiitute  Level  No.  2 Loacl/Unload  Devi  cos 
Indenture  Level  No. 3 Interlock  Micro-Switch 
Indenture  Level  No.  4 
Drawing 


EAIUIBE. MODE  AND  EFFECT  ANALYSIS, 
REPORT 


Co'iimercial  Part 


Output  specification 
functional  description 


Failure  Mode 


SN 


Description 


Possible  causes 


Symptoms- 

detectability 


Effect  of  Failure 


Local  Effect 


End  Effect 


Existj 

compeaj 

provi| 


60,7  Interlock 
Micro-Switch 


See  Remarks 
Co  1 utmt 


I: 


{ ' 


J 


I 


Symptoms- 

Effect  of  Failure 

detectability 

Local  Effect 

End  Effect 

Existing 

coinpensatii 

provision 


Level 

of 

Failure 

prob- 

Remarks and  Recommendations 

1 5 

s 

Severity 

ability 

This  item  analyzed  as  part 
of  the  safety  devices  as 
Element  Number  50.6 
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appRnvFD-  _ natcr  _ . _ 

Symptoms- 

detectability 


Effect  of  Failuic 


Local  Effect 


End  EffKt 


Enistiiii 

compeotatMi 

prowsion 


Level  Faibrc 
•f  Mb 
Severity  aMity 


Rematla  and  RecoMMendatimn 


This  item  analyzed  as  part  of 
the  s- fety  devices  as 
Element  Number  50.7 


11,  Conclusions  and  Recommendations 

11.1  Figure  14  provides  an  overview  of  the  number  of  potential 
failures  in  each  probability  and  severity  block  and  the 
percentage  of  such  failures  compared  to  the  total  number  of 
potential  failures.  There  are  no  failures  with  a probability 
greater  than  two  — all  failures  with  a severity  of  three 

or  four  were  covered  individually  in  the  analysis  section 
of  this  report  (See  Section  9), 

11.2  Any  loss  of  conveyor  operation  was  assigned  a severity  factor 
of  three  or  four.  As  a result,  potential  failure  of  ancillary 
equipment  such  as  micro- swi tches , push  buttons  and  elements  of 
the  Controller  and  Drive  System  were  included  and  contributed 
significantly  to  the  numbers  shown  in  the  three  or  above 
severity  level  blocks*  Such  equipment  is  not  related  to  the 
conveyor  structure  or  the  conveyor’s  operating  componentry. 

If  potential  failure  of  ancillary  equipment  is  eliminated 
from  consideration,  the  total  number  of  potential  failures 
from  structural  and  operating  system  components  only 
reduces  the  number  of  potential  failures  in  the  three  or 
above  categories  from  an  overall  total  of  67  to  a total 
of  30. 

11.3  During  the  analysis  it  was  determined  that  the  "Emergency 

Run"  by-pass  circuitry  did  not  enable  the  conveyor  to  be 
run  so  as  to  clear  a jam  sensed  and  stopped  by  the  "over- 
the-door"  jam  sensing  safety  device.  The  other  safety  devices 
are,  in  a sense,  self-clearing.  For  instance:  should  a 

package  jam  during  strike-down  on  the  load/unload  device, 

the  platform  will  collapse  and  stop  the  conveyor.  However, 
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the  conveyor  can  be  operated  in  the  up  direction  and  the 
jari  cleared.  The  same  is  true  for  the  bottom  and  top  jam 
safety  devices.  By  making  a simple  change  in  the  wiring 
location  of  the  over-the-door  jam  sensing  relay,  relative 
to  the  wiring  of  the  Emergency  Run  by-pass  circuit,  the 
Emergency  Run  circuit  could  be  used  to  by-pass  the  over- 
the-door  cut-out  circuit  and  enable  a jam  at  a top-of-the- 
door  coaming  to  be  cleared.  This  change  will  be  incorporated 
by  the  Contractor  unless  otherwise  instructed  by  Naval  Ships 
Command. 

11.4  During  the  calculations  which  proceeded  the  analysis  of 
the  Operating  System,  it  was  determined  that  the  "narrow 
track  section"  represented  the  weakest  member  of  the 
Operating  System  componentry.  The  Contractor  will  revise 
the  design  of  the  track  to  strengthen  this  section. 

11.5  In  concert  with  Paragraph  3.4, (e)  of  Specification 
Ships-C-5552  reading,  in  part,  "...in  the  event  of  jamming, 
easily  replaceable  components  shall  yield  or  be  damaged.", 
the  Contractor  is  considering  a series  of  shear  bolts, 
sized  to  the  anticipated  load  carrying  capability  of  the 
family  of  various  lengths  of  conveyors,  be  incorporated  to 
fasten  the  carrier  tray  to  the  carrier  arm  and  chain  link. 

The  Contractor  forsees  a potential  problem  should  a jam  occur 
which  would  shear  such  bolts  and  allow  the  tray  to  pass 
through  the  jam,  iJ£,  the  instantaneous  overload  does  not  trip 
and  stop  the  conveyor.  Not  stopping  the  conveyor  with  a 
tray  out  of  position  could  create  serious  damage  when  the 
tray  transitions  through  th?  head  and  tail  cam  plates.  The 
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problem  is  one  of  sensitivity  of  the  lOL  sensing  coil  and 
is  particularly  acute  with  smaller  length  conveyors. 

Should  shear  bolts  be  adopted,  the  Contractor  feels  a re-set 
device  must  be  added  to  the  lOL  circuitry  to  prevent  re- 
starting the  conveyor  without  first  determining  and  correcting 
the  cause  of  the  lOL  cut-out.  The  Contractor  recommends  a study 
of  the  sizes  of  shear  bolts  needed  and  the  relative 
sensitivity  of  the  lOL  sensing  coils  be  made  prior  to 
incorporation  of  the  shear  bolt  design,  although  adaptation 
of  this  concept  presents  an  ideal  solution  to  the  requirements 
of  Paragraph  3.4(e)  of  Ships-C-5552. 

The  Contractor  recommends  that  the  mounting  and  stowage 
brackets  of  the  Loader/Unloader  be  bolted  to  the  conveyor 
rather  than  welded  as  presently  shown.  Bolt-on  brackets 
will  enable  easier  removal  and  maintenance  of  the  rather 
complex  load/unload  device. 
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FIGURE  NO.  1 Second  indenture  level  functional 
block  diagram. 
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FIGURE  NO.  2 


Third  indentured  level  functional 
block  diagram  for  drive  system 
(Number  10) 
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FIGURE  NO.  3 Third  indentured  level  functional 
block  diagram  for  operating  system 
(Number  30) 
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FIGURE  NO.  4 Third  indentured  level  functional 
block  diagram  for  the  control 
system  (Number  40). 
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Figure  No.  5 

Fourth  Indenture  Level  Bmctional  Block 
Diagram  of  Che  Elements  of  the  Controller 


FIGURE  NO*  7 - Third  level  indentured  functional 
block  diagram  for  the  load/unload 
device  (Number  60). 
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Matrix  Tabulation  •»  Drive  Svstem 


Level  3 

Level  4 

10.2 

Motor 

2 

1 

10.3 

Torque  Limiter 

0 

0 

10.4 

Reducer 

2 

2 

10.5 

Brake 

0 

0 

10.6 

Coupling 

1 

2 

10.7 

Jack  Shaft 

1 

2 

10.8 

Bearing 

0 

1 

10.9 

Drive  Sprocket 

1 

1 

10. 10  Drive  Chain 

0 

1 

10.11 

Chain  Take-up 

0 

0 

Figure  No.  8 (a) 


Tabulation  for  Drive  System  (No.  10) 


1 2 3 

SEVERITY 
Figure  No.  9 

CRITICALITY  MATRIX  - CONVEYOR  STRUCTURE  (20) 
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Matrix  Tabulation  - Convevor  Structure 


Level  3 Level  U 


20. 1 Trunk 


Figure  No.  9 (a) 


TabulaffrT.  for  Conveyor  Structure  (No.  20) 


Matrix  Tabulation  - Operating  System 


Level  3 Level  4 
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Figure  No.  10  (a) 

Tabulation  for  Operating  System  (No.  30) 
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PROBABILITY 


Matrix  Tabulation  - Control  Svs t em 


Level  3 Level  4 


40.1.1  Reversing  Starter  0 

40.1.2  Thermal  Overload  0 

40.1.3  Instantaneous  Overload 

Relay  1 

40.1.4  lOL  By-pass  Timer  3 

40.1.5  llOV.  Transformer  0 

40.1.6  First  Speed  Relay  0 

40.1.7  Second  Speed  Relay  0 

40.1.8  Third  Speed  Relay  0 

40.1.9  Overdoor  Jam  Relay  1 

40.1.10  Load/Unload  Relay  1 

40.1.11  Signal  Timer  0 

40.2.1  Power  On/Off  Switch  1 

40.2.2  Three-position  Speed 

Switch  0 

40.2.3  Power  "On"  Light  (Red)  0 

40.2.4  Emergency  Run  Switch  0 

40.3.1  Power  "On"  Light  (Green)  0 

40.3.2  Stop  Push-On  Pull  Switch  0 

40.3.3  "Up"  Push  Button  2 

40.3.4  "Down"  Push  Button  2 


Figure  No.  11  (a) 
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Tabulation  for  Control  System  (No.  40) 
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PROBABILITY 
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SEVERITY 
Figure  No.  12 

CRITICALITY  MATRIX  - SAFETY  DEVICES  (50) 
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Matrix  Tabulation  - Safety  Devices 


Level  3 Level  4 


50.1 

Instantaneous  Overload 
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(see 
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Figure  Mo.  12  (a) 


Tabulation  for  Safety  Devices 
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PUOBABILIIY 
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Section  VI 


Calculations 


The  following  pages  contain  detailed  revised  stress  calculations 
£o,r  the  de-rated  jam  conditon.  A supplement  to  these  calculations  is 
also  provided*  Prior  to  submitting  the  revised  calculations  to  Naval 
Ship  Engineering  Center  on  November  10»  1976  and  the  supplement  on 
April  S>  1977,  the  Contractor  provided  a complete  set  of  calculations 
for  Phase  I which  were  subsequentally  revised  and  re-submitted  as 
part  of  Phase  II  on  November  18,  1975.  The  earlier,  November  18,  1975, 
Calculation  submittal  is  not  being  included  in  this  final  report  in 
order  to  conserve  space  and  minimize  reproduction  cost. 


SUPPLEMENT 

DE-RATED  JAM  CONDITION 

PER  S.  OTTO'S  TELEPHONE  CONVERSATION  OP  3-29-77 


CDRL  ITEM  BOOIAL 
USN  CONTRACT  N00024-72-C-5500 
OP  NOVEMBER  3,  1976 


13  April  1977 

KornyleUc  Corporation 
Hamilton^  Ohio 


L.  lJ 


Submitted: 

By: 


Summary  of  telephone  conversation  of  3-29-77  between  S.  Otto  and  R. 
arson  - with  replies. 

Attn:  V.  Doty 

R.  Martin 

1.  Liked  R.  Martin’s  stress  calculation  work! 

- Thanks,  Bob  Martin 

2.  Questions  size  of  finger- to-backbone  welds  on  load  trays.  Where  stated? 

- Will  appecu:  on  fabrication  drawings  as  h"  fillet  welds  - as  noted 
on  page  (8)  of  report. 

3.  Suggested  Bob  check  stress  concentrations  at  keyway  of  carrier  shaft. 

- See  page  B and  C attached. 

4.  Requested  Bob  re-do  stress  calculations  of  carrier  shaft  where  it  ties 
to  guide  arm  and  add  approximately  1300#  shear  load  to  torsion  load 
(referring  to  Fig.  11-A) . 

- See  page  C attached. 

5.  Requested  that  Kornylak  send  letter  to  delete  150#  - four  foot  drop 
spec,  requirement  since  this  load  impopsible  for  design  to  survive. 

- See  page  D attached. 


(A) 


Therefore,  since  the  key  is  rocking,  direct  shearing  through  the 
shaft  is  not  the  true  case;  moreover,  the  cap  would  surely  limit  the 
shear  stress  to  less  than  the  allow2ible  18,000  psi  if  it  were. 

Roark  concluded  the  key  stress  segment:  "t^Then  conservative  working 
stresses  are  used,  however,  and  the  proportions  of  the  key  are  such  as 
have  been  found  satisfactory  in  practice,  the  approximate  methods  of 
stress  calculation  that  have  been  indicated  result  in  satisfactory 
design".  Which  is  the  case  as  used  in  the  report. 

Item  (4)  of  3-29-77  telephone  conversation  add  1300#  shear 

load  to  carrier  shaft  where  it  ties  to  guide  arm. 

Reference:  Drawing  2-1026-SC3 

The  1300#  shear  load  (chain  pull)  was  neglected  with  respect  to 
Fig.  1^  because  where  the  carrier  shaft  ties  to  the  guide  arm  there 
is  no  fixed  restraint  (direct  shear) . The  guide  arm  is  trying  to 
pivot  about  the  cam  roll  which  is  pure  torsional  shear. 

I can,  however,  place  the  neglected  1300#  shear  load  on  the  opposite 
side  of  the  csurrier  link  where  the  cross  section  is  full. 

Area  of  1%"  fi  shaft  » 1.76  sq.  inch 

M 

Torsional  Shear  , t 

rad.  X area 

3069  . 2325  psi 

.75  X i:76 

Direct  Shear  . 1300  . 739  psi 

" T775~ 

Total  Shear  « 2325  + 739  * 3064  psi 

Since  the  allowable  shear  for  Type  304  Stainless  Steel  is  18,000  psi, 
the  carrier  shaft  is  adequate  for  the  application. 


(C) 


Reference:  (a)  Para.  3,5.23.4  of  Spec,  SHIPS-C-5552 

(b)  Operating  Shock  Load  Calculations  Sht.  1 through  5 

(c)  Impact  test  results  Sht.  1 through  4 

(d)  Shock  Load  Test  per  Para.  4.3.5  of  SHIPS-C-5552 


1.  The  impact  loading  as  specified  in  reference  (a)  and  (d)  is 
too  excessive  and  destructive,  as  pointed  out  in  reference 
(b)  and  (c) , and  would  require  an  increase  in  size  of 
components  which  would  not  be  practical  or  in  keeping  with 
the  conveyor  design. 

In  view  of  this,  we  recommend  that  para.  3.5,23.4  and  4,3.5 
be  deleted  from  the  spec,  and  that  the  dynamic  and  static 
overload  tests  per  para.  4.3.2  and  4,3,3  are  sufficient  for 
testing  the  conveyor. 


REVISED  STRESS  CALCULATIONS 
FOR 

DE- RATED  JAM  CONDITION 
CDRL  ITEM  BOOIAL 
USN  CONTRACT  N00024-72-C-5500 
NOVEMBER  3,  1976 


Submitted;  November  3,  1976 
By;  Kornylak  Corporation 


Hamilton,  Ohio 


The  following  drawings  and  reports  are  referred  to  in 
the  text  of  this  report: 

2-1026-P20F-Rev.  A (Carrier  Assembly) 

2-1026-P26-Rev.  B (Carrier) 

2-1026-P27-Rev.  A (Guide  Arm) 

2-1026-P28-Rev.  B (Carrier  Shaft) 

2-1026-47F-Rev.  A (Cap) 

*2-1026-SCI/J  (Shaft  & Bearing  Calculations  - Jam) 

*2-1026-SC2  (Carrier  Calculations) 

*2-1026-SC3  (Carrier  Shaft  & Guide  Arm  Calculations) 

**2-1026-SC3/J  (Carrier  Shaft  & Guide  Arm  Calculations  - Jam) 

Track  System  calculations  for  jam  condition  in  letter  of  transmittal 
dated  October  14,  1976 

*These  drawings  were  superseded,  and  prints  of  them  are  included  with 
this  report. 

**This  drawing  was  voided,  and  prints  of  it  are  included  with  this 
report. 
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REVISED  STRESS  CALCULATIONS  FOR  DE-RATED  JAM  CONDITION 
DE- RATED  JAM  CONDITION 


The  jam  condition  was  de-rated  from  motor  stall  torque 
to  115%  live  load  setting  on  the  torque  limiter  by  N.E.V.E.C.'S 
amendment  letter  of  May  20,  1976,  modification  No.  P00014  revising 
Par.  3.5.23.1,  Line  5,  as  clarified  in  Design  Review  Meeting  held 
June  21  through  June  23,  1976. 

Live  Load  = 20  trays  x 100#  each 

= 2000#  X 1.15  = 2300#  (torque  limiter  slip  setting) 

*'The  load  is  to  be  spread  equally  over  four  fingers  of  the  tray". 
Case  I:  One  side  finger  and  three  intermediate  fingers. 

Case  II:  Four  intermediate  fingers  (worst  condition) 


2300#  = 575# 

4 fingers 


□ 


nAi 

Wi 

' 

Side  View 


End  View 


Fig.  1 
Case  II 


Case  II-A  Carrier  Finger  (Ref.  Dwg.  2«1026-P26-Rev.  B) 
- Mat'l.:  ASTM  A513 


Jam  Stress  Calculations  (Ref.  Dwg.  2-1026-SC2) 
Per  Fig.  2 


Assuming  no  gusset  as  shown  on  drawing 
Load  WL  = 575#  uniform  cantilever 
Effective  Length  L = 21.125  inches 
Finger  Section  Modulus  Z = 0,334 
Bending  Moment 

Mj^  = WL  X L = 5 75  X 21.125  = 6073  in. 


/ 

/ 

/ 

WL-575 

b d h d iL ^ w ^ 

; _ / 

2J!"X1X#14  GA  Tubing  ASTM^ 

T*  / 
L.^ 
/ 

A513  1 

( 21.125  ^ 

Fig.  2 

Finger  Loading 
(without  gusset) 


lbs 


Bending  Stress 


S,  = M = 6073  = 18,160  psi 

° Z 0.334 


Therefore,  since  the  18,160  psi  is  less  than  26,600  psi, 
or  the  allowable  combined  stress  per  Spec.  3.5.23.1  (0.7  yield 
stress),  the  finger  tubing  is  adequate  for  bending  in  this  appli- 
cation. 

Case  II-B  Finger  Welds  (neglecting  bar  gusset) 

- (Ref.  dwg.  2-1026-P26  Rev.  B) 

Max.  Allowable  Shear  Stress  = 22,800  psi  (ASTM  A513) 

Bending  Moment  M^^  = 6073  in.  lbs. 

Req*d.  Min.  Section  Modulus  Z 


Z = M|^  = 6073  = 0.266 


^ 22,800 


NOTE!  Z = I 
C 


N.A. 


1/16"  welds  X 
.707  = .044 


where  I = Moment  of  Inertia, 

and  C = Distance  from  neutral  axis 
to  outermost  fiber  (inches) 


fig.  3 

Finger  wela  (To  Crossmember) 
Using  throat  area 


Neglecting  bar  gusset  between  finger 
and  crossmember  per  Fig.  3^ 

Recommended  fillet  weld  thickness 
for  #14  ga.  tubing  is  1/16"  (.0625) 

From  the  parallel  axis  theorem, 

using  throat  area  of  welds  (.707  x leg): 

Moment  of  Inertia  I = 0.258 
of  the  welds 

C Welds  = 1.294 

Section  Modulus  Z = I = 0.258  = 0.149 

" ji;  T3: 

w 


.062 

1^ 

leg 

.062 

leg 

* , \ 

1 

1 

\ .04"4'^'' 

'''^roat  (.70 


/ X 


beg) 


Fig.  3. 

B 

Weld  Enlargement 


Bending  Shear  Stress  S = M = 6073  = 30,517  psi 

® Z .199 
w 


Therefore,  since  the  section  modulus  of  the  welds, 

0.199  (neglecting  the  bar  gusset)  is  less  than  the  minimum  re- 
quired section  modulus  of  0.266,  (30,517  psi  exceeds  the  allow- 
able shear  stress  of  22,800  psi)  the  finger  welds  are  not  adeq- 
uate for  this  application. 

To  reduce  the  bending  shear  stress  of  the  finger  welds. 


add  a gusset  between  the  finger  and  crossmember  so  as  to  reduce 
the  bending  moment.  [f  _ _ _ _ j] 


Case  II  B Finger  Welds  including  bar  gusset 

per  Fig.  4 - (Ref.  Item  3 on  Dwg.  2-1026-P26  Rev.  B) 

Gusset;  3/8“  x 1“  AISI  1020  HRS  Bar  x 5“  Lg. 


Finger  with  Gusset 


Assuming  the  gusset  is  strong  enough; 
to  resist  bending: 


Maintaining  W1^575#  As  Worst  Condi ti 


Revised  Effective  Length  L = 16.625"^ 


nL.  nL>  yjf  sif 


vLr  vv 


Revised  Bending  Moment  Mj^ 
(using  entire  uniform  load 


/ — 

/ 

/ 

/ 

if- 


L = 16.625”  for  worst  condition)  4 


46.625" 


Fig.  4, 


= 575  X 16.625  = 4780  in,  lbs. 


B 


Finger  Loading  With  Gusset 


Revised  Req*d  Section  Modulus  Z 
of  the  welds 


= 4780 
, 22,800 


0.210 


From  the  parallel  axis  theorem, 
using  throat  area  of  welds 
(.707  X leg) 

Moment  of  Inertia  I = 1.684 

— ■ ■ ■—  I . ■■  ■ ^ 


^welds 


5.34 


Finger  Welds  Incl.  Gusset 
Using  throat  area 


Section  Modulus  Z 
' ■ w 

Z = I = 1.684  = 0.315 
” 5.34 

w 

Bending  Shear  Stress  S = M,  = 4780  = 15,175  psi 
on  the  welds  ^ ^ .315 

w 

Considering  the  additional  strength  that  the  bar  gusset 
weld  adds  to  the  finger  welds,  the  section  modulus  of  0.315  ex- 
ceeds the  min.  required  section  modulus  of  .210  (15,175  psi  is 
less  than  the  allowable  shear  stress  of  22,800  psi).  Therefore, 
the  finger  welds  are  adequate  for  the  application. 

To  confirm  the  additional  strength  that  the  bar  gusset 
adds  to  the  finger  welds,  the  following  physical  tests  were  made 
on  two  different  carrier  fingers. 

Finger  I:  2^"  x 1”  x #14  Ga.  Finger  Plain,  i.e. , no  gusset 

Finger  II;  2V  x 1"  x #14  Ga.  Finger  with  3/8"  x 1"  x 5"  Ig.  bar 
Gusset  per  dwg.  2-1026-P26-Rev.  B 
Both  fingers  were  subjected  to  the  rated  load,  and  then 
additional  weight  was  added  until  the  first  sign  of  failure  x^as 
observed,  documenting  weights,  deflections  and  mode  of  failure(s). 
Note;  A third  finger  with  a 2V  x 1"  x 14  ga.  mitered  tube  gusset 
was  also  tested  at  the  same  time  as  the  other  two  (ref. 

Fig.  5_);  however,  tests  results  showed  that  it  was  no 
stronger  than  the  bar  gusseted  finger  (Fig.  5^). 

TESTS  AND  RESULTS  PER  PAGES  5.6,7,  & 8 


PICTURES  TAKEN  DURING  FINGER  WELD  TESTS 


Sheet  1 of  2 


The  results  of  the  tests  indicate  more  than  the  strength 
value  of  the  g-  sset,  however,  as  the  welds  themselves  withstood 
over  3%  times  the  weight  of  the  rated  load  at  jam  condition. 

NOTE:  While  the  recommended  fillet  weld  thickness  for  #14  ga. 

tubing  is  1/16",  the  mig-welded  V fillet  welds,  applied 
to  the  fingers  at  the  crossmember,  supported  1059#  without 
failure  in  bending  shear  which  is  equivalent  to  a section 
modulus  of  .952  for  the  welds;  hence,  considering  throat 
area  of  the  welds  (.707  x leg),  they  are  equivalent  to  a 
fillet  leg  thickness  of  over  5/16"  (.3125),  which  is 
stronger  than  the  parent  metal  thickness  of  .075"  (#14  ga.) 
Calculations: 

Max.  Allowable  Shear  Stress  S = 22,800  psi 
(ASTM  A513)  ® 


Max.  Weight  Used  Without  Failure  W = 1059#  (plain  finger,  i.e.,  no  gusset) 
Bending  Moment  Mj^  = W x L (Point  Load,  Cantilever) 

= 1059  X 20.5" 

= 21,710  in.  lbs. 


Bending  Moment  M.=  WL  x L (Uniform  Load,  Cantilever) 

2 

Since  jam  condition  was  specified  as  a uniform  load, 
the  equivalent  uniform  load  for  a bending  moment  of  21,710  in. 
lbs,  would  be  2118#  (3.68  x rated  jam  condition) 


Section  Modulus  of  the  Welds  Z = M.  = 21 ,710  = .952 

-=7  22,800 
S(maxi 

From  Fig.  5^,  using  an  equivalent  section  modulus  of 
.952  and  a throat  area  (.707  x leg),  from  the  parallel  axis  theorem, 
the  fillet  leg  of  the  welds  joining  the  finger  to  the  crossmember 
calculates  to  a thickness  in  excess  of  5/16". 
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Case  II  - C Crossmember  (Ref«  Dwg«  2-I026-P26-Rev.  B) 
- Mat»l.:  ASTM  A500 

Load  (W)  = 575#,  r places,  simply  supported 
Section  Modulus  (Z)  = 1.24 


Mo  :Ri  = 575(12  + 18  -H  24  + 30) 
^2  ^ 36 


Rj  = 1342# 

F R«  = 958# 
vert  2 


/K 


2V«  X 2V*  X 3/16"  Sq.  Tubing  ASTM  A^OO 


"7N 


Max.  Bending  Moment  = 13,806  in.  Hbs. 
from  shear  > mom.  diag. 


fig.  6 

Crossmember  Loading 
(Bending) 


Max.  Bending  Stress  = S,  = ML  = 13  ,806  = 11,134  psi 

r ^*24 

Therefore,  since  11,134  psi  is  less  than  32,200  psi, 

the  allowable  combined  stress  per  Spec.  3.5.23.1  (0.7  yield  stress), 

the  tubing  is  adequate  for  bending  in  this  application. 

k 2V  ^ 

Crossmember  Stresses  at  Side  Bar  ^ 

Area  (A)  of  crossmember  = 1.74  sq.  inc. 

Max.  Direct  Shear  Stress  S = R,  = 1342 

(Crossmember  at  side  bar)  -r~  1.74 

A 

= 771  psi  ^A 

Crossmember  Area 

Torsional  Moment  M^  using  uniform  load  acting  through  the  center 

of  the  crossmember  for  worst  condition 

M^  = 575  X 22.375  (per  finger)  x 4 fingers  x % (assuming  symm. 

2 loading  each  end) 


12,866  in.  lbs.  ® side  bars 


22.375" 


Torsional  Section  Modulus  (Q) 
ref.  Roark's  "Formulas  for 
Stress  & Strain"  pg.  196 


Wy=575#  Uniform 
i^Ld-  ■sL\L-4>  >1  'Ivl  >l  vt  -1^ 


Q = 2t  (Igth.  side  - t) 

^square  * 

= 2 (3/16)  (2.5  - .1875) 

= 2.01 


"S 


fig.  7 


B 


Crossmember  Loading 
(Torsion) 


Torsional  Shear  Stress  S.  = M. 

— ” ■ ■ - t _t 

Q 

= 12,866 
2.01 

= 6,401  psi 

Therefore,  since  the  direct  shear  of  771  psi  and  the 
torsional  shear  of  6,401  psi  are  respectfully  less  than  the  allow- 
able direct  shear  of  27,600  psi  and  the  torsional  shear  of  29,900 


psi,  the  tubing  is  adequate  for  shear  and  torsion  in  this  application. 
Weld  Stress  (Crossmember  to  Side  Bar) 


Recommended  fillet  weld  thickness  for 
3/16"  tubing  = 1/8"  (0.125) 


Total  area  of  welds  (A)  = 0.88  sq.  in. 
using  throat  area  (.707  x leg) 


Max.  Direct  Shear  Stress  S = R.  = 1342  = 1525  psi 

® ~ 0.88 

A 


"8-  \ 

Crossmember  Welds 
V. lo  side  bar) 


Torsional  Section  Modulus  0 = 2(.088)  (2. 676-. 088) 

of  the  welds 

= 1.18 

Ref.  Roark's  "Formulas  for 
Stress  & Strain"  pg.  196 
using  throat  area  (.707  x leg) 

Torsional  Shear  Stress  S = M = 12,866  = 10,903  psi 

t C 


1342# 


fig  3 


B 


welds 


_ 1.., 


Loads  on  Welds 


Crossmeraber  to  Side 


Therefore,  as  in  the  case  of  the  crossmember 
the  welds  joining  the  crossmember  to  the  side  bar  are 
adequate  for  this  application. 


proper, 

likewise 


in  lbs 


Bar 
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Case  II  - D Carrier  Shaft  Mountlnig  Bolts  (Ref.  Dwg,  2-I026-P20F  Rev»  A) 
- Mat*l:  MtL-B-857  Grade  2,  5/8-11  UNC 


Area  of  Bolts  (A)  - 0.202  sq.  in. 


(Root  Area) 


W >4  = "a 


= ’>2  “ 


Therefore,  Rj^  = 1393# 

Combined  Shear  Stress 
(direct  & torsion) 
from  freebody  diagram 
using  worst  cond.  (R^) 

S = P = 1393  = 6,896  psi 
A .202 


Req*d  Tensile  Yield  Stress 


-11  7)‘«*^lk9— 


T342# 


5/8  -11  UNC  Bolts 


+-f+ 


M^=  12,866  in  lbs  Shaft 


542# 


il 


B 

M^"=  12,866  in  lbs 


■N 


fig.  9 

Physical  & Freebody  Diagram  of 
Min.  Tensile  Y.S.  = Actual  Shear  Stress  golt  Loading 

(shear)  0.6 


= 6,896  = 11,493  psi 

0.6 


Therefore,  since  the  tensile  yield  stress  of  a 5/8-11 
Grade  2 bolt  is  64,000  psi  per  MIL-B-857,  which  exceeds  the  req'd 
11,493  psi,  they  are  adequate  for  this  application. 


Case  II-E  Carrier  Shaft  Welds  (Ref. 
- V Fillet  Welds 

Jam  Stress  Calculations 
per  Fig.  10 

Net  Vert.  Force  = 1393  - 51  » 1342# 

Area  of  V fillet  weld  using  throat 
area  (.707  x leg)  » 1.11  sq.  in. 

Direct  Shear  Stress  on  Welds 

S . = F = 13^  = 1209  psi 

»■*  rrr 

A 


Dwg.  2-1026-P28-RCV.  B) 
1393# 


Loading  on  Carrier  Shaft 
Mounting  Plate 
(from  Bolts) 


Torsional  Moment  M. 

' ■ t 

Mj.  = [1393  X 2.125]  + [51  x 
= 3069  in.  lbs. 


Torsional  Section  Modulus 
of  the  welds 


r,.4  4i 

Tt 

R - r, 

_ 0 i_ 

2 R 


Ref.  Roark's  "Formulas  for  =Tt'C(  1.052) 
Stress  & Strain"  pg.  195 
using  throat  area  (.707  x leg) 


Carrier  Shaft  Welds 
(to  mounting  plate) 

(.875)^] 


Qw  = *^52 


Torsional  Shear  Stress  S 

- ' St 


= M = 3069  = 3224  psi 

t 


Combined  Shear  Stress  = 1209  + 3224  = 4423  psi 
(direct  & torsion) 

Using  AISI  1020  HRS  mtg,  plate  and  ASTM  A276  Type  304  stainless 
Steel  shaft,  and  assuming  that  the  weld  properties  will  equai 
those  of  the  parent  metals; 

Min.  Tensile  Yield  = 30,000  psi  (stain,  stl.) 

Max.  Allowable  Direct  Shear  = 60%  yield  = 18,000  psi 
Max.  Allowable  Torsional  Shear  = 65%  yield  = 19,500  psi 
Therefore,  since  the  direct  shear  of  1209  psi  and 
the  torsional  shear  of  3224  psi  are  respectfully  less  than  the 
allowable  direct  and  torsional  shear,  the  materials  and  welds  are 
adequate  for  this  application. 

CASE  II-F  Carrier  Shaft  (Ref.  Dwg.  2-1026-P28-Rev.  B) 

- Mat'l.;  ASTM  A26  Stainless  Steel  Type  304 

The  weakest  portion  of  the  shaft  occurs  at  its  least 

area  which  includes  the  .185"  flat  for  the  cap,  the  .75"  dia. 

bore  for  the  cam  follower,  and  the  3/8  x 3/16"  keyway. 


per  Fig.  11^ 

Torsional  Section  Modulus  Q 
Ref,  Roark's  "Formulas  for 
Stress  & Strain"  pg.  194 
and  199  using  Case  26  due 
to  its  worst  condition 

Q carrier  = Q shaft  = Q bore 
shaft  proper 

3 3 

= C X r,  - r„ 


where  C = .912  (actually  higher) 
Q = 0.302 


Torsional  Moment  = 3069  in.  lbs. 


Torsional  Shear  Stress 


S ^ = 3069 

^ .302 

= 10,162  psi 


.565" 


Carrier  Shaft  Cross-Section  @ 
Weakest  Area 


.565" 


fig.  11. 


Worst  Condition 


Req’d  Tensile  Yield  Stress  = 10 ,162 

.65 

= 15,634  psi 

The  req'd,  tensile  yield  stress  of  15,634  psi  is 
less  than  the  30,000  psi  yield  stress  of  the  ASTM  A26  Type  304 
Stainless  Steel  Carrier  Shaft,  therefore,  it  is  adequate  for  the 
application. 


Shear  Stress  on  Shaft  Key  S 


per  Fig.  11- 


Shaft  Rad  X (Key  W x L) 

3069  = 8730  psi 

.75  X .375  X 1.25 


fitilc 

Shaft  Kev 


Therefore,  since  the  shear  stress  of  8,730  psi  is 
less  than  the  allowable  shear  stress  of  32,400  psi  for  AISI  1018 
CRS,  the  3/8"  sq.  key  is  adequate  for  the  application. 
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Assuming  the  normal 
force  working  on  the  average 


Guide  Arm 


cross-section  of  the  guide  arm 
(at  L = 2.5») 


= 76.7x  2.5  = 1918  in.  lbs. 


Bending  Section  Modulus  Z = 1*302 
<§  L = 2.5" 


Bending  Stress  = 1918  Side  Vit 

Y 1*302  

= 1473  psi 


Torsional  Moment  (due  to  eccentric  load  on  Camrol) 


= F X 2.4  = 76.7  x 2.4  = 1841  in.  lbs. 
t n 

Torsional  Section  Modulus  Z = .866 

P 


Torsional  Stress  S^  = M = 1841  = 2126  psi 


i-J  y ‘ 


Combined  Stress  S^  (bending  & torsion) 

s^  = s^  + J(7s^?+(s^ 


= 1473  + ^1  (737)^  + (2126)^ 


= 2987  psi 


Max.  Shear  Stress  = 


ih  + (S^)^ 


= 2250  psi 

Therefore,  since  the  combined  stress  of  2987  psi  is 
less  than  the  allowable  combined  stress  of  22,400  psi  (.7  Y.S.), 
and  the  max.  shear  stress  of  2250  psi  is  less  than  the  allowable 
shear  stress  of  19,200  psi,  the  guide  arm  proper  is  adequate  for 
the  application. 

Case  II-H  Camrol  Mounting  Arm  Welds  (Ref.  Dwg.  2-1026-P27-Rev.  A) 
- 1/8'’  Fillet  Welds 

Worst  Condition;  Assume  no  compressive  assistance  from  Camrol 
Per  Fig.  13 A stud  mounting  I 


Bending  Moment  M,  = 767  x 1.25 


= 959  in.  lbs. 


Section  Modulus  of  the  Welds  Z 
using  throat  area  (.707  x leg) 

4 R 

o 

= ?f[(.713)^  - (.625)^ 

4 (.713) 


= .117 


F = 767; 
n 


.707  X 1/8"  = 


et  Weld 


fig  13, 


Camrol  Mounting  Arm  Welds 


'i 


0 = 90°  - 41.12°  = 48.88° 


Normal  Force  F = F.  cos  0 
■ ■ n t 


= 4092  (cos  48.88  ) = 2691# 
Cap  Loading!  Ref.  Fig.  14B 
Bending  Moment  = F^  A x B 


= 2691  X .757  X 1.743  = 1420  in.  lbs. 
2.5 

2 

Cap  Section  Modulus  Z = bh 

6 

= 1 X (.75)^  = 0.09375 
6 


^ 1" 

V 

^ L 

2.5" 

/ \ 

h 

3/^ 

ItQtf 

b 

— B — )| 
1.743" 


Cap  Loading 


Bending  Stress  S.  = M.  = 1420  = 15,146  psi 

° ^ 0.09375 


Since  the  max.  allowable  stress  for  AISI  1018  CRS 
is  37,800  psi  (.7  Y.S.)  which  is  greater  than  the  15,146  psi 
bending  stress,  the  cap  is  acceptable  for  the  application. 

Case  II-K  Cap  Mounting  Bolts  (Item  12  Dwg.  2-1026-P20F-Rev.  A) 
- Mat'l.;  MIL-B-857  Grade  2,  ^-13  UNC 


Bolt  Loading;  R = 2691  x 1.743  = 1876# 

Per  Fig.  14g  2.5 

Above 

R = 2691  X .757  = 815# 

^ 2.5 


Therefore,  since  the  min.  breaking  or  stripping  force  of  the 
^-13  bolts  is  9790#,  they  are  adequate  for  the  application. 
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Track  System  Calculations  for  Jam  Condition 

NOTE;  Stress  calculations  concerning  the  track  system  under 
jam  condition  were  included  in  Items  (d)  through  (h) 
inclusive,  in  our  letter  of  transmittal  dated  October 
14,  1976. 
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Engineering  Studies  and  Investigations 


This  Section  contains  three  Engineering  studies  conducted 
by  the  Contractor  during  Phase  II  of  R & D Contract  No.  N00024- 
72-C-500. 

A.  Design  Study  on  the  Posidyne  Clutch/Brake 

B.  Investigation  to  Determine  if  Interal  Bracing  can 
be  used  to  Eliminate  External  Stiffeners  on  Water- 
tight Trunk  Applications  for  Vertical  Stores  Con- 
veyors 

C.  Design  Study  of  Conveyor  Overload  Protection 
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SYNOPSIS 

The  Posidyne  Clutch/Brake  unit  is  a versatile  tool  that  offers 
potential  safety  to  the  conveyor  system  much  superior  to  that 
of  other  torque  limiting  devices.  However , in  order  to  utilize 
this  potential  for  safety,  an  auxiliary  precision  air  supply 
must  be  incorporated  and  carefully  adjusted.  A fail-safe  mode 
is  inherent  in  the  unit. 
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I. 


INTRODUCTION 


1.1  Background  - Due  to  the  confined  nature  of  the  Vertiflo 
style  of  conveyor  system,  jam  conditions  inevitably  arise.  The 
Kornylak  Vertiflo  has  a variety  of  safety  s;:jt  jhes  to  detect 
misloaded  packages  before  a jam  can  occur.  However,  switch 
failure,  or  some  condition  unrelated  to  the  cargo  could  cause 

a physical  jam  of  the  system. 

The  immediate  result  of  a jam  situation  on  the  conveyor 
is  an  instantaneous  increase  in  the  torque  drawn  from  the  drive 
train.  This  is  transmitted  from  the  carrier  chains  to  the  head 
sprockets,  to  the  reducer,  to  the  drive  clutch,  and  to  the  motor. 
The  motor  uses  extra  power  to  provide  the  elevated  torque  re- 
quirements. If  unrelieved,  this  extra  power  will  burn  out  the 
motor,  or  the  extra  torque  will  destroy  some  part  of  the  power 
train  to  release  the  tension. 

1.2  Existing  Safety  Features  - All  Kornylak  conveyor  drive 
motors  are  provided  with  the  motor  overcurrent  protection  devices 
standard  in  industry.  The  Vertiflo  conveyors  are  further  pro- 
tected by  instantaneous  trip  overcurrent  relays  which  are  so 
sensitive  that  they  must  be  bypassed  during  startup.  Further, 
various  photoelectric  and  cable  switches  are  installed  to  check 
the  package  orientation  on  the  carrier  trays. 

Mechanical  safety  consists  of  some  type  of  slip  clutch  which 
will  limit  the  amount  of  torque  that  can  be  exerted  by  the  motor, 
and  possible  installation  of  easily  replaceable  "weak  links"  in 
the  system. 


1.3  Limitations  of  Existing  Devices  - The  standard  motor  over- 
load is  designed  to  protect  the  motor  and  thus  responds  slowly 

to  brief  peaks  of  excess  torque  which  the  motor  can  stand.  Thus 
the  torque  could  cause  excessive  damage  before  this  switch  shut 
the  system  down.  On  the  other  hand,  the  instantaneous  trip  over- 
current relays,  if  set  to  be  really  effective  for  jam  safety, 
after  trip  out  on  a current  surge  not  directly  related  to  a 
true  jam.  A patch  of  rust  in  the  wrong  place  could  stop  the 
conveyor  each  time  a particular  link  in  the  chain  passes  by. 

Mechanical  slip  clutches  suffer  from  basic  inaccuracy, 
and  are  limited  by  start-up  requirements.  The  friction  force 
between  two  pressure  plates  can  vary  drastically  due  to  wear, 
temperature,  humidity,  and  static  versus  eliding  friction. 

For  ball  detent  type  torque  limiters,  the  setting  must  be  adjusted 
high  enough  to  allow  for  start-up  and  cannot  easily  be  reduced 
while  the  conveyor  is  running.  Likewise,  a different  torque 
limit  could  not  be  provided  for  the  "up"  versus  "down"  motion. 
Refer  to  section  IV  on  page  14. 

1.4  Advantages  of  Posidyne  - The  Posidyne  clutch  unit  reduces 
these  disadvantages.  Its  torque  is  directly  proportional  to  the 
air  pressure  applied  to  the  unit.  Thus,  it  is  only  necessary 

to  change  the  applied  pressure  following  start-up  to  reduce  the 
torque  limit  to  that  for  "running"  jam  protection.  The  torque 
limit  can  be  set  as  accurately  as  needed  using  precision  air 
pressure  regulators  for  each  torque  setting.  The  environment 
has  much  less  effect  on  the  torque  setting  than  is  the  case 
with  a friction  clutch,  since  the  Posidyne  pressure  plates  are 
immersed  in  oil  to  maintain  uniform  conditions.  Further,  this 
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unit  dies  not  provide  the  "all  or  nothing"  problem  of  the  ball- 
detent  or  instantaneous  trip  overload  torque  limiting  devices. 
Instead  it  continues  to  provide  a limited  torque  to  the  load 
until  shut  off  by  a zero- speed  switch.  This  allows  it  to  ride 
over  rough  spots  and  survive  voltage  surges  without  stopping 
the  conveyor. 

In  addition  the  Posidyne  clutch  provides  a "soft  start" 
capability.  The  start-up  torque  can  be  controlled  to  provide 
an  acceleration  ramp,  if  desired, 

1,5  Disadvantages  of  the  Posidyne  Clutch  - The  ch.ief  disadvantage 
of  the  unit  is  the  requirement  for  pressurized  air  and  the  extra 
hardware  to  control  this  air.  A 3-way  valve  and  a precision 
pressure  regulator  and  gage  are  required  for  each  torque  setting. 
Also,  to  make  the  conveyor  less  dependent  upon  external  systems, 
a small  compressor  must  be  linked  directly  to  the  drive  motor 
to  provide  the  air  to  operate  the  clutch. 

Temperature  has  some  effect  on  the  torque  setting  of  the 
unit  due  to  the  viscosity  change  in  the  oil  inside  the  clutch 
unit.  This  leads  to  a slight  torque  change  between  initial  turn 
on  and  the  steady  state  level.  But  this  is  less  variation  than 
exists  with  a friction  clutch  exposed  to  the  atmospheric  humidity 
as  well  as  temperature.  The  temperature  change  from  Arctic  to 
Equatorial  operation  could  be  compensated  for  by  readjusting 
the  pressure  settings  as  needed. 

The  standard  unit  is  built  of  cast  iron,  which  does  not 
meet  Navy  specs.  However,  the  manufacturer  has  an  optional  ductile 
iron  unit  which  was  designed  to  meet  the  specs,  when  these  units 


were  used  on  other  Navy  projects.  This  option  adds  about  $100 
to  the  cost  of  each  unit. 

1.6  Conclusions  - After  studying  a large  number  of  types  of 
torque  limiting  devices,  the  Posidyne  Clutch/Brake  system  was 
chosen.  This  system  provides  the  capability  to  control  all 
phases  of  the  conveyor  operation.  Its  advantages  appear  to 
justify  the  additional  cost  involved.  Refer  to  section  IV  on 
page  14. 
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II.  - HARDWARE 

2.1  Posidyne  Unit  - The  clutch  and  brake  within  the  Posidyne 
unit  each  consists  of  a series  of  interleaved  pressure  discs. 

For  the  clutch,  half  of  the  discs  are  keyed  to  the  drive  member 
and  the  rest  to  the  driven  member.  For  the  brake,  the  discs 
are  keyed  to  the  driven  member  and  to  the  case  respectively. 

When  no  pressure  is  applied  to  the  unit,  internal  springs  hold 
the  brake  discs  together  resisting  any  rotation  of  the  driven 
shaft.  This  provides  fail-safe  braking.  If  compressed  air  is 
applied  to  the  clutch  port,  the  brake  is  released  as  the  force 
of  the  air  overcomes  the  brake  spring  tension.  When  more  pressure 
is  applied  the  clutch  discs  are  pressed  together  to  transmit 
driving  torque.  The  air  pressure,  minus  the  pressure  required 
to  release  the  brake,  is  linearly  proportional  to  the  torque 
transmission  capability  of  the  unit. 

If  any  "slip”  occurs  within  the  Clutch/Brake  unit,  the 
friction  forces  generate  heat.  In  this  unit  a built-in  oil 
pump  circulates  cooling  oil  between  the  discs  to  keep  the  rubbing 
surfaces  cool  and  Ixibricated,  The  heat  is  transfered  to  the 
finned  case  to  be  dissipated.  If  the  unit  is  unable  to  eliminate 
this  heat  and  the  oil  gets  too  hot,  a temperature  switch  will 
shut  down  the  conveyor  to  prevent  destruction  to  this  unit. 

An  important  advantage  of  the  Posidyne  unit  is  the  low 
maintenance  required.  The  manufacturers  has  performed  routine 
check  out  of  units  in  the  field  and  has  found  negligible  wear  on 
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the  pressure  plates  after  years  of  service  except  in  a few  cases 
of  extremely  severe  duty  cycles.  This  latter  case  involved  driving 
a flying  shear  cutting  bar  stock,  in  which  the  cutting  mechanism 
had  to  be  accelerated  to  the  speed  of  the  bar  stock  in  half  a 
revolution,  and  decelerated  during  reset  to  stop  within  a fraction 
of  an  inch  of  nominal.  A small  demonstration/test  unit  has  been 
alternately  starting  and  stopping  for  several  years  and  has  logged 
over  18  million  cycles  with  negligible  plate  wear. 

The  oil  used  in  the  units  is  a high  grade  of  automotive 
automatic  transmission  fluid  designed  for  a 20  year  service  life 
and  capable  of  operation  over  a wide  temperature  range.  So, 
unless  something  should  cause  the  oil  to  leak  out,  the  units 
should  not  have  to  be  touched  for  the  life  of  the  conveyor. 

On  the  other  hand  is  the  problem  of  run-in.  The  surfaces 
of  the  plates  are  such  that  more  torque  is  output  per  PSI  of  air 
pressure  when  the  plates  are  new  than  after  some  use.  In  order 
to  provide  the  precision  and  repeatability  needed,  the  units 
must  each  be  cycled  until  the  torque  relationship  no  longer 
changes.  This  can  be  done  by  the  manufacturer  for  an  additional 
charge. 

2.2  Compressor  - The  pressurized  air  to  operate  the  clutch 
unit  can  be  generated  by  a Cast  oil-free  air  compressor  bolt 
driven  by  the  conveyor  drive  motor  itself.  This  eliminates  tne 
conveyor  dependency  on  ship  air.  The  motor  and  compressor  are 
started  when  the  warning  horns  sound,  and  there  is  plenty  of 
air  available  by  the  time  the  clutch  is  energized  to  start  the 
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conveyor.  Only  small  quantities  of  air  are  required  but  a 
constant  pressure  head  must  be  maintained.  The  chosen  compressor 
can  supply  the  necessary  shot  of  air  for  start-up  even  with  the 
motor  at  its  lowest  speed,  and  can  remain  dead  headed  for  con- 
tinuous running. 

2.3  Air  Filter  - Since  the  quantity  of  air  used  is  so  small, 
there  will  not  be  a large  build-up  of  oil  or  water  in  the  system. 
However,  removal  of  water  from  the  clutch  unit  is  difficult  and 
is  better  handled  by  minimizing  the  amount  of  water  taken  in. 
Further,  micron  sized  particles  in  the  air  system  could  reduce 
the  accuracy  of  the  precision  pressure  regulators.  Consequently, 
a Watts  air  filter  with  a water  limiting  coalescin  element  and 
automatic  drain  will  be  used  with  the  system. 

Oil  in  the  system  will  not  hurt  the  clutch  as  will  water, 
and  might  help  the  valve  operation,  but  the  flow  of  air  is  too 
small  to  operate  an  oil  mist  lubricator.  The  valves  chosen  do  not 
need  oil. 

2.4  Pressure  Regulators  - Since  the  only  control  available  of 
the  torque  transmission  of  the  clutch  is  the  air  pressure  provided 
to  the  unit,  precision  pressure  regulators  must  be  used.  Most 
important  is  a high  degree  of  repeatabil:' ty  over  the  environmental 
conditions  that  must  be  faced.  Primarily,  this  is  temperature 
variations,  since  the  regulators  will  be  installed  in  an  enclosed 
box  for  security.  Chosen  was  the  Fairchild  model  10  which  is 
designed  to  repeat  to  a fraction  of  a PSI  under  all  conditions. 
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2.5  Precision  Gages  - Although  the  pressure  and  torque  are 
controlled  by  item  2.4  above,  the  set-up  man  needs  a true  read- 
out of  this  pressure.  Provided  are  Helicoid  style  410TD  test 
gages  with  accuracy  and  .2  PSI  meter  sub-divisions.  With 
these  the  set-up  man  can  fine  tune  the  unit  to  a fraction  of  a 
foot-pound  of  torque. 

2.6  Pressure  Selector  Valves  - Three-way  direct  operated  solenoid 
air  valves  are  needed  to  control  the  selection  of  which  pressure 

is  to  be  applied  to  the  clutch.  These  are  arranged  in  a cascade 
fashion  with  the  "start-up"  pressure  overriding  the  others. 
Consequently,  at  least  two  of  the  three  valves  must  be  of  "universal" 
type  operation  in  which  pressure  can  flow  both  ways.  The  only 
other  requirement  of  these  valves  is  for  long  trouble  free  life 
without  lubrication  (ref.  item  2.3).  A number  of  valves  are 
under  consideration  for  this  function. 

2.7  Locked  Enclosure  - Since  the  setting  of  the  pressure  reg- 
ulators is  so  delicate  and  critical,  adjustments  must  be  made  by 
authorized  personnel  only.  For  this  reason,  the  (3)  regulators 
(item  2.5)  and  the  (3)  solenoid  valves  (item  2.6)  will  be  installed 
inside  a locked  oiltight  enclosure.  However,  since  the  pressure 
regulators  must  bleed  air  to  maintain  their  precision,  a breather 
hole  will  be  provided  in  the  bottom  of  the  box  with  a filter/ 
muffler  installed  to  block  entry  of  dirt  or  other  ojects  into 

the  box. 

The  regulators  with  gages  and  the  solenoid  valves  with  a 
terminal  strip  will  be  premounted  and  plumbed  on  a metal  panel 
insert.  This  panel  can  be  quickly  mounted  in  the  enclosure  with 
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(4)  nuts,  (2)  air  lines,  and  a 4-wire  electric  cable,  li 
necessary  the  panel  can  be  just  as  easily  removed  for  repair 
without  disturbing  the  air  line  to  the  clutch  or  to  the  com- 
pressor. 

If  the  compressor  (item  2.2)  is  not  to  be  used,  another 
source  of  clean  dry  compressed  air  can  be  connected  to  the  input 
fitting  to  this  enclosure,  and  the  system  will  work  in  identical 
fashion. 


2,8  Zero  Speed  Switch  - A true  jam  of  the  conveyor  will  cause 
the  system  to  stop.  A zero  speed  switch  can  detect  this  condition 
and  cut  the  power  to  the  drive  motor.  This  becomes  more  useful 
when  there  is  a slip  clutch  of  some  type  since  the  motor  could 
go  on  running  until  the  clutch  burns  up.  In  the  case  of  the 
Posidyne  unit,  the  internal  temperature  switch  would  shut  down 
the  system  before  the  unit  were  damaged. 

The  zero  speed  switch  need  not  be  set  to  trigger  on  zero 
speed  but  can  be  adjusted  to  operate  whenever  the  clutch  driven 
member  slows  below  a pre-set  minimum  speed.  This  set  speed  must 
be  somewhere  below  the  slowest  of  the  speeds  on  the  3-speed  motor. 
Since  the  slowest  conveyor  motor  speed  is  850  RPM,  the  zero  speed 
switch  could  be  set  to  operate  below  500  RPM. 

In  order  to  avoid  shutting  off  the  system  during  start-up, 
this  switch  must  be  bypassed.  A start-up  timer  shorts  across 
the  switch  contact  for  the  length  of  time  normally  required  for 
the  conveyor  to  get  up  to  speed.  Thereafter  a jam  would  operate 
the  switch  to  shut  off  the  system. 
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III.  - OPERATIONAL  PROCEDURES 

3 . 1 Operating  Sequence : 

a.  Operator  presses  "ON"  pushbutton  at  Master  Control  Station 
to  provide  power  to  the  conveyor  controls,  and  selects  the 
running  speed. 

b.  Operator  presses  one  of  the  "UP"  or  "DOWN"  pushbuttons  to 
initiate  the  start  sequence. 

c.  Start  delay  timer  (UTR  = up,  DTR  = down)  seals  in  and  begins 
timing  down. 

d.  Corresponding  motor  starter  is  energized  to  accelerate  the 
motor  and  air  compressor  to  running  speed. 

e.  Simultaneously,  the  various  warning  horns  sound  to  warn 
personnel  to  move  cjfear  of  the  conveyor  mechanism. 

f.  At  time  out  of  the  start  delay  timer,  the  horns  shut  off  and 
the  start-up  timer  is  energized. 

g.  At  the  same  time  the  UP  or  DOWN  solenoid  valve  is  energized 
along  with  the  START-UP  solenoid  valve,  to  apply  pressure 
to  the  Posidyne  clutch. 

h.  The  Vertiflo  conveyor  accelerates  to  speed. 

i.  At  time  out  of  the  start-up  timer,  the  START-UP  valve  is 
de-energized  to  drop  the  clutch  pressure  Lack  to  the  jam 
protection  level. 

j.  Simultaneou'.ly  the  by-pass  circuit  around  the  zero  speed  switch 
is  opened,  providing  the  system  with  full  overload  protection. 
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k.  If  a jam  should  occur/  torque  will  rise  to  the  level  set  on 
the  Posidyne  and  the  clutch  will  slip,  leaving  the  motor 
running . 

l.  As  soon  as  the  conveyor  slows  so  that  the  clutch  output  drops 
below  500  HPM,  the  zero  speed  switch  de-energizes  the  motor 
circuit  to  stop  the  motor. 

m.  If  the  jam  occurs  during  the  start-up  time  delay,  the  clutch 
will  slip  at  a higher  torque,  and  then  the  zero  speed  switch 
will  shut  everything  off  when  the  start-up  timer  times  out. 

3.2  Clutch  Set-Up  Procedure  (by  qualified  personnel  only)  - 
If  the  air  supply  to  run  the  clutch  is  derived  from  a compressor 
powered  by  the  conveyor  drive  motor,  a cut-out  switch  will  be 
installed  in  the  regulator  box  to  de-energize  all  of  the  start-up 
cycle  except  the  motor  itself. 

a.  Unlock  and  open  the  locked  pressure  regulator  box,  then  turn 
off  the  conveyor  out-put  switch  inside, 

b.  At  the  nearest  control  box  start  the  conveyor  drive  motor 
and  air  compressor  in  either  direction.  This  should  provide 
pressure  to  the  (3)  air  regulators  inside  the  box.  NOTE: 

If  an  external  air  supply  is  used  instead  of  a compressor, 
turn  this  air  on  and  ignore  steps  a and  b. 

c.  Choose  the  torque  requirements  for  each  of  the  three  operating 
conditions:  start-up,  up  running  and  down  running. 

d.  From  the  tedale  provided,  compute  the  exact  air  pressure 
requirements  in  each  case,  and  adjust  the  respective  regulators 
until  these  pressures  are  available  as  read  on  the  precision 
gages  provided. 


e.  Restart  the  conveyor  by  turning  the  cut-off  switch  on.  The 
horns  will  sound  as  usual  prior  to  start-up.  Watch  the  pressure 
gages  to  see  if  there  is  any  shift  in  pressure  as  the  air  valves 
operate  to  start  the  clutch. 

f.  Close  and  lock  the  regulator  box. 

3.3  Clutch  Test  Procedure  - It  is  necessary  for  the  conveyor 
manufacturer  at  some  point  to  determine  the  actual  torque  and 
corresponding  air  pressure  requirements  of  the  clutch  during  each 
phase  of  the  conveyor  operation. 

a.  Start  the  unloaded  conveyor  in  the  DOWN  direction  at  the 
highest  speed,  and  open  the  locked  pressure  regulator  box. 

b.  Turn  the  pressure  on  the  "down"  regulator  to  zero,  the  conveyor 
should  stop. 

c.  Raise  the  pressure  to  22  PSI  (or  41  PSI  for  "B"  Model)  to 
release  the  brake,  then  slowly  raise  the  pressure  until  the 
conveyor  is  driven  in  full  synchronism  with  the  motor, 

d.  Repeat  step  c with  a full  load  riding  down  on  each  tray. 

e.  Take  the  higher  pressure  valve  from  steps  c and  d,  add  2 PSI 
and  adjust  the  "down"  regulator  to  this  valve. 

f.  Repeat  steps  b to  e with  the  "up"  regulator  and  the  conveyor 
moving  at  the  highest  speed  in  the  UP  direction. 

g.  With  the  conveyor  at  the  high^t  speed,  start  it  in  the  UP 
direction,  with  full  load  on  each  tray. 

h.  Measure  the  time  from  the  shut-off  of  the  horns  until  the 
conveyor  is  at  full  speed. 

i.  Determine  if  this  acceleration  ramp  is  acceptable.  If  not, 
increase  or  decrease  the  pressure  on  the  "start-up"  regulator 
in  increments  no  larger  than  1 FSI,  and  repeat  steps  g and  h. 
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NOTE:  A longer  acceleration  ramp  allows  a lower  torque 

setting  at  lower  pressure,  and  better  jam  protection  on 
start-up.  The  start-up  timer  must  be  adjusted  to  agree  with 
this  ramp. 

j.  When  the  desired  acceleration  ramp  is  formed,  record  this 
pressure  setting  as  well  as  the  pressures  determined  in  step 
e,  for  future  reference. 

k.  Close  and  lock  the  regulator  box. 
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COMPARISON  OF  METHODS  FOR  TORQUE  LIMITING 
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IV.  - COMPARISON  OF  METHODS  FOR  TORQUE  LIMITING  (CONTINUED) 
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NOTE;  All  methods  except  #1  require  some  switch  to  detect  the  slip  or  zero  speed  condition  to  shut-off 
the  drive  motor. 
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V.  - CONCLUSION 


Since  jams  are  a serious  problem  with  conveyor  of  this  type,  it 
is  important  to  use  the  best  available  system  to  protect  against 
the  effects  of  a jam.  A thorough  study  of  the  various  torque 
limiting  devices  on  the  market  leads  to  the  conclusion  that  the 
one  chosen,  Posidyne,  offers  the  best  all  around  capabilities. 

Its  advantages  outweigh  its  disadvantages. 

The  operational  and  maintenance  requirements  of  the  chosen  clutch/ 
brake  system  are  no  worse  than  those  of  the  current  system,  and 
could  offer  some  improvement.  Every  part  of  the  system  is  chosen 
to  minimize  maintenance  requirements.  The  compressor  V»Belt  is 
the  only  item  which  may  require  regular  maintenance;  the  clutch 
pressure  plates  should  never  need  replacement. 


The  unit  not  only  offers  automatic  torque  selection  for  the 
different  phases  of  operation,  but  set-up  of  the  torque  levels 
is  much  easier  than  adjusting  the  spring  tension  on  a standard 
friction  or  ball-detent  clutch. 


Submitted: 

By: 


INVESTIGATION  TO  DETERMINE  IF 
INTERNAL  BRACING 
CAN  BE  USED  TO  ELIMINATE 
EXTEKIAL  STIFFENERS  ON 
WATERTIGHT  TRUNK  APPLICATIONS 
FOR 

VERTICAI  STCEES  CONVEYORS 


USN  CONTRACT  NUMBER  NOC024-72-0-5500 
PARTIAL  FUIPniMEOT  OF  LINE  ITEM  OOCV^: 
CDRL  ITEM  BOOIAK 


November  9»  1976 

Kori^iak  Corporation 
Hamilton,  Ohio  45011 


REP 


TRUNK  REDESIGN  STUDY 
CONTRACT  NO.  N00024-72-C-5500 

DIRECTED  BY  DESIGN  REVIEW  MEETING 
PARAGRAPH  12,  MINUTES  OF  22  JUNE  1976  MEETING 


TO  DETERMINE  IF  INTERNAL  BRACING 
CAN  BE  INCREASED  TO  ELIMINATE  EXTERNAL 
STIFFENERS  ON  WATERTIGHT  TRUNK  APPLICATIONS 


CONTENTS 


SIDE  PANEL  STUDY 


SECTION  I 


FRONT  & REAR  PANEL  STUDY  SECTION  II 


OPTIONAL  SIDE  P.^NEL  DESIGN 


SECTION  III 


Pg.  1 


SECTION  I 
SIDE  PANEL  STUDY 

A Study  of  the  side  panel  in  an  effort  to  eliminate  the  outside 
stiffeners  by  increasing  the  thickness  of  the  hat  section  and 
adding  a 3/8  thick  rib  in  place  of  the  shield  support. 

Reference  Drawing: 

Panel  sizing  with  stiffeners  2-1026-SC9 
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SECTION  I 

CALCULATIONS  ARE  BASED  ON  THE  FOLLOWING 
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Use  60 t for  effective  plate  width  or  stiffener  spacing,  whichever 
is  less.  (Per  LDS,1100-3-e) 
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SECTION  I 


HEAD  PRESSURE  FROM  28.44  TO  25.81  PSI 
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as  a stiffener  but  cannot 
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SECTION  I Pg.  5 

HEAD  PRESSURE  FROM  23.1  TO  17.8  PSI 
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Z Required  » 36.98  in.  This  is  the  maucimum  Z required.  For  the 
side  panel  use  hat  section  as  stiffener  amd  increase  plate 
thickness  to  1/4"  and  add  a 3/8  thick  rib  in  place  of  the  shield 
support. 


See  next  page  for  increased  hat  section  calculations. 


Increase  material  thickness  from  3/16"  to  1/4".  Add  new 
3/8  thick  continuous  rib  at  front  shield  location. 
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Typ.  trunk  side  panel.  The 
maximum  span  of  a panel  will 
be  12 ' . A horizontal  stiffener 
should  be  at  each  span  unless 
a deck  is  at  this  location. 


The  bottoai  12*  panel  will 
require  a horizontal  and 
vertical  stiffener  as  shown. 
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Panel  plate  thickness  will  be 
1/4  throughout  the  length  of 
the  trunk. 


W6T.»  I 


i irs 


wcT.^  ' 880  : ste  po. 


: 2S./  p.^:. 


were  UiPO' 


ZS.gl  ps.h 


u_:i 3 — 


PC.  *‘4 


‘sr.  5^/0- 5 


Total  weight  « 6885  lbs.  per  side 


SECTION  I 


CONCLUSION 


The  outside  vertical  side  panel  stiffeners  can  be  eliminated 
by  doing  the  following: 


Adding  horizontal  and  vertical  stiffeners  to  the  bottom 
panel  since  the  hat  section  cannot  extend  into  the  tail 
frame.  See  Pg.  3 & 4. 


Increasing  the  thickness  of  the  hat  section  from  3/16  to 
k and  adding  a 3/8  thk.  rib  in  place  of  the  shield  sup- 
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SECTION  II 

FRONT  & REAR  PANEL  STUDY 

A.  STUDY  OP  THE  TRUNK  FRONT  AND  REAR  PANEL  IN  AN  EFFORT  TO 
REDUCE  THE  SIZE  & ^ffilGHT  OF  THE  PANEL  TO  A MINIMUM  WITH 
STIFFENERS  AND  MAKE  THE  PANEL  MORE  UNIFORM  IN  CROSS- 
SECTION.  THIS  CAN  BE  DONE  BY  ADDING  HORIZONTAL  AS  WELL 
AS  VERTICAL  STIFFENERS  TO  EITHER  THE  INTERNAL  OR  THE 
EXTERNAL  SURFACE  OF  THE  REAR  PANEL  AND  THE  EXTERNAL 
SURFACE  OF  THE  FRONT  PANEL  AS  REQUIRED. 


REF.  DWG.  PANEL  SIZING  WITH  STIFFENERS  2-1026-SC  9 
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SECTION  II 

CALCULATIONS  ARE  BASED  ON  THE  FOLLOWING 
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4 ^"T  * ■■■■^ 

ad  papadieaUc  a tba  atotad  ais  it  tba  a<aiM  >«>«"'«»  band  aa  ^ 

Aal«mlai-Sii:ij=j£biwldd»/-ttoaaaaK(di^  ’^■*««<<«»taof  tluatbaactaaaiiAx^^ 

ad  K b ad  A|  aa dhnadia  a ffra  is  tba aaw  iHuKraiiua.  ^ m w * .*a 

matbod  nay  ba  aiunratid  by  applybn  it  a tha  maiati  dawn  ia  Ke  a -aaj* 

aadforaapiiaacf  adctdadoathaira“nuuatd'’!aF!«.j.  Tba  eakaUtte  aa  ^ 

tba  ba  tabaUtad  a ihawa  ba  tba  aaocpaytet  tahla.  Tba  distaca  ftaa  ta 

adi  i2£  to  tba  BtBtal  aaia  a (vUcb  wiU  a da«Baad  a « ia  famd  by  dtftdto 
tteaaoftbafaaaMCrialaaaaitabr  tbaaia.  Tba  aaaa  of  ioaRto  uaa 
. 5y^  ***  ^ fooad  ia  tht  tunii  wsy  bf  aibttactac  tht  via  amUioiM 

bf'  ^ snsi  tha  anouac  ot  iavtia  AhHt  the  tsi  DE* 

S = Max.  Allowable  Stress  » 27,000  (Per  Gen.  Spec,  for  Ships  of  USN 

Section  100,  Pg.  2,  Line  25) 

Use  60t  for  effective  plate  width  or  stiffener  soacing,  whichever  is 
less  (Per  DDS , 1100-3-e) 


SECTION  II 


VERTICAL  STIFFENER  REQUIREMENTS 


SEC 

b 

hi 

A 

V,  2 

hi 

M 

IDE  i 

A 

15 

.5 

mm 

.25 

1.875 

.125 

.62 

B 

.38 

7.9 

2.81 

62.41 

11.81 

493.04 

62.44 

C 

7.07 

8.53 

4.44 

72.76 

36.59 

620.65 

300.73 

14.75 


50.27 


363.79 


d = 50.27  = 3.4  I^  = 363.79  - 14.75  X 3.4^  = 193.28 

rr:75  "" 

Z = 37.67  in.^ 


This  exceeds  37.16  in.^  Ref.  Pg.  3 


Changing  the  stiffener  spacing  on  Drawing  2-1026-SC9  from  20” 
to  15"  causes  the  required  Z to  drop  to  37.16  in.^.  The 
stiffeners  will  change  from  (2)  St.  10  @ 37.5#  to  (3)  St.  8 0 25#. 


The  weight  per  foot  of  the  plate  and  stiffeners  will  remain  the  same 
Wgt.  of  a h”  thk.  x 5'  x 12*  plate  with  stiffeners; 

Wgt.  of  Stiffeners  = 3 x 25  x 12  = 900 
Wgt.  of  Plate  = 102  x 12  = 1224 

2124  lbs. 


2124  = 177#/Ft.  of  Hgt./Side 


Add  a horizontal  stiffener  to  trunk  section  as  shown: 


S = 15 
1 » 72” 


Wq  = 25.81  X 15  = 387.15 


X « 72 

/ 

-387.15  + \ 

5777? 

426.6'^  +(426.6  x 387.15)+  387.15 

■ I ■.  ■■HP  ■ ■ ■ iH  I ■ I 


z = 1.82  X 19.88  = 36.28  in. 


R » 72  (2  X 387.15  + 426.6)  = 14410.8  in.  lbs. 

o ^ 


M = 14410.8  >:  36.28  - 387.13  x 36.28^  -{39.45  x 36.28^) 


T 


W 


522823.82  - 254791.15  - 4360.79 
M » 263671.83  in.  lbs. 


2 reqd,  = M » 263671.80  **  9.76  in.  for  vert,  stiffeners 


SECTION  II 


HORIZ.  STIFFENER -.REQUIREMENTS  (1)  REQD. 

/A 


Trunk  Plating  = h Nr 

Use  60t  fcr  effective  width  of  plate  with  stiffener 
60  X = 15 


w = 15  X 25.81  = 387.15 

M = wl^  = 387.15  X 60^  = 174217.5  in.  lbs. 

“5”  S 

Z reqd.  = M = 174217.5 


= M = 174217.5  = 6.45  in.' 
S i7,000  = 

i-i 5.2S- — IN  s T 4 @ 

' 


! 


3.3A2. 


NOTE:  USE  ST  5 @ 10.5  which 

is  the  same  stiffener  reqd. 
for  vert,  stiffener's 
See  Pg,  7 


.25 


3.942 


5.25  I 4.25 


3.75 


.85 


1.62 

T77T 


hl^ 


.062 


IDE  1 

.46 

.0156 

.078 

1.78 

61.25 

4.69 

6.62 

76.76 

to 

o 

. 

d = 8.86  = 1.42  I-  a 31.9  - 6.22  x 1.42^  = 19.35  in.'* 

3 7 

Z a 6.83  in.  This  exceeds  6.45  in.  reqdi 


SECTION  II 


Pg.  7 


VERTICAL  STIFFENER  REQUIREMENTS  (3)  REQD. 


SEC 

b j 

A 

i 

M 

wm 

IDE  j 

A 

I 

15 

1 

.25 

3.75 

.062 

.46 

.0156 

.078 

B 

.24 

4.86 

ftfiiH 

23.62 

2.83 

114.79 

9.13 

C 

5.75 

5.2 

1 1.95 

27.04 

9.83 

140.61 

49.49 

7IT“"^ ITJl  ' ^6.778  in 


A 


d * 13.12  » 1.93 
~S7ST 


Ij^  = 58.74  - 6.81  X 1.93^  = 33.37  in.^ 
Z g 10.2  in.^  (9,76  reqd.) 


Wgt,  of  a % X 5*  X 12'  plate  with  (3)  vert.  & (1)  horiz.  stiffeners: 

Wgt*  of  horiz.  stiffener  « 5 x 8.5  » 42.5  lbs.  (5  x 10.5  » 52.5) 

Wgt.  of  vert,  stiffeners  > 3 x 10.5  x 12  » 378  lbs. 

Wgt,  of  plate  * 51  x 12  * 612  lbs. 

Total  Wgt.  g 1032.5  lbs. 

1032.5  g 86.04#/ft.  of  hgt. 

• 12  " 


86  Ib/lin.ft.  vs.  177  Ib/lin.ft.  (Ref,  Section  II  Pg.  4)  is  a 
weight  savings  of  91  Ib/lin.  ft. 


SECTION  II 


Pg.  8 


STIFFENER  & PLATE  PJIQUIREMENTS 
PROM  23.1  TO  20.45  ^RI 


* 20.45  X 20  = 409  PSI 


= 23.1  X 20  = 462  PSI 


X = 72 

y 

-409  + \ 

X 

462.2^  +C462.2  x 409^+  409^ 

73" 

1 ^ 

3 

/ 

36.4  in. 


72  (2  X 409  + 462)  = 15360  in.  lbs. 


M = 15360  X 36.4  - 409  x 36.4^  - 53  x 36.4^ 

7^ 


» 559104  - 270954.32  - 5916.92 
M > 282232.76  in.  lbs. 

Z reqd.  » 10.45  in,^ 

NOTE:  (2)  St.  5 @ 10.5  stiffeners  from  23.1  PSI  to  20.45  PSI  have  a 

3 

Z of  10.2  in.  per  stiffener  when  a Z of  10.45  is  required. 
Therefore  (2)  as  shown  is  not  strong  enough.  Run  (3)  St.  5 
§ 10.5  up  to  20.45  PSI.  See  next  page  for  (3)  stiffener 
calculations. 


Z - 36.14  in. 

R - 72  (2  X 306.75  + 346.5)  = 11520 1 n. 

6 

M » 11520  X 36.14  - 306.75  x 36.14^  - 40  x 36.14^ 

5 TJ2 

» 416332.8  - 200323.1  - 4370.59 

M = 211639.11  in.  lbs. 

Z reqd.  « 7.84  in.^  per  stiffener 

Use  (3)  St.  5 § 10.5  with  a Z of  10.2  in.^.  See  Pg.  7. 

S = M » 211639.11  » 20748.9  PSI  This  is  within  27000  PSI  allowable 
t " 10.5' ' stress. 


PROM  20.45  TO  17.8  PSI 


M = 489921.84  - 236102.76  - 5541.8 

M = 248277.28  in.  lbs. 

Z read.  = 248.277.28  = 9.2  in.^ 

TtW 

Use  (2)  St.  5 @ 10.5  with  H thick  plate  which  gives  a Z of  10.2  in 
per  Tee,  see  Pg.  7. 

S = 248277.28  = 24340.9  PSI  (27000  PSI  allowable) 


SECTIOM  II 


Pg.  11 


STIFFENER  & PLATE  REQUIREMENTS 
FROM  17.8  TO  15.15  PSI 


R^  =72  (2  X 303  + 356)  = 11544  in.  lbs. 

o . . 


M = 11544  X 36.48  - 303  x 36.48^  - 53  x 36.48^ 

2 

M = 421125.12  - 201614.7  - 5569.3  = 213941.12  in.  lbs. 

Z reqd.  = 213941.12  » 7.92  in.^ 

2*7000 

Use  (2)  St.  5 0 10.5  with  horiz.  stiffener,  see  Pg.  7. 


SECTION  II 


Fg. 


STIFFENER  & PLATE  REQUIREMENTS 
FROM  12.5  TO  9.8  PSI 


7.1  PSI 

- Psr  9 

• /ZS  PSr  - i2S  »« 30  S 575 


/ 


X = 72 


- 294  + 


375^  ^-675  X 294V  294' 

3 


36.72  In. 


R„  - 72  (2  X 294  + 375)  = 11556  in.  lbs, 


M = 11556  X 36.72  - 294  x 36.72' 

2 


81  X 36. 72'*  = 216844.17  in.  lbs 

JJ5 


3 


Z reqd.  = 216844.17  = 8.03  in. 

■ i70’06'~ 


Use  St.  5 (3  10.5  with  % thick  plate  with  a Z of  10.2,  see  Pg.  7. 
S = 216844.17  » 21259.2  PSI  (27000  PSI  allowable) 


SECTION  II 


Pg.  13 


MkTt  *T^6 
tr*or 


- 1.7%  f*- 


WjiT*77|4*  »T  y 

>*-•  • tOiS 


7.1 


.a£\S.lS: 


-/r/p^ 


kio— 

^ i| 

■ 1 0*M  la 


Typical  tnmk  shoving  rear 
panel  arrangesttnt  of  vertical 
and  horizontal  stiffeners 
with  % thick  plate  stiffener 


arrangeawnt  to  apply  to  front 
panels  between  door  fraees 
as  required. 


ri  liiTT 

tjre  Pa*  si< 


lirm 


! i ; 


ii 


4«f.  f>» 


IdiJ— 25.44 


5 Totai,  •%55l.S*^a 


■ i ! 

*-lf-0f-iS-0k‘  IS  -«*>  IS-^ 


SECTION  II 


Pg.  14 


CONCLUSION 


The  plate  of  the  trunk  panel  can  be  kept  at  h thick  throughout 
the  trunk  by  adding  horizontal  and  vertical  stiffeners  as  in- 
dicated. Except  where  noted,  all  stiffeners  will  be  St.  5 § 10.5. 
This  will  enable  a nontight  trunk  to  be  changed  to  a watertight 
trunk  with  a minimum  amount  of  change. 

1.  The  maximum  deck  height  is  12  foot. 

2.  Horizontal  stiffeners  are  to  be  spaced  at  no  more  than  6 foot 
apart  except  at  the  deck  location  where  the  horizontal  stiffener 
will  be  eliminated. 


At  each  deck  location  the  vertical  stiffeners  are  to  be  cutout  in 
the  field  at  installation  so  that  the  deck  closure  material  can 
extend  on  into  the  trunk  side  panel. 


Pg.  16 


DOOR  FRAME 


b 

Ju 

A 

Hi! 

M 

in 

CM 

• 

im 

.375 

2.25 

.28 

4.75 

1.75 

1.187 

3.06 

1.92 

.25 

9.5 

1.937 

90.25 

10.89 

5.5 

10 

2.75 

100 

26.81 

2.5 

10.25 

.62 

105.06 

6.32 

.25 

15 

1.187 

225 

14.99 

3.375 


5.35 


857.37 


1000 


1076.89 


3375 


IDE 


.28 


3.12 


71 


261.48 


64.07 


(1.46 


d = M = 61.21  = 7.59  I = IDE  - Ad^  = 591.46  - 8.056  x 7.59^  = 127.37 


A 03^ 


Z = 127.37  = 16.78  in.-^  (read.  = 15.63) 

T3T" 


CONCLUSION; 

Door  frame  will  withstand  the  maximum  water  head  on  the  conveyor. 


SECTION  III 
12 


DOS  HOU-V 
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Calculations  are  based  on  the  above  formulae's. 


Pg.  3 


SECTION  III 


SIDE  PANEL  PLATE  & STIFFENER  REQUIREMENTS 
FROM  28.44  TO  23.1  PSI 

■ TS.I  P5I 


2S.SJ  PS.l. 


1 

J 

'UJa 

^ / 

\ 

T; 

l* Z /■■■■■  J, 

/ 

c--Bottom  of  Trunk 
Side  Panel 


Add  a horizontal  & vertical  stiffener  to 
bottom  12'  of  trunk  length  as  shown. 


Wq  = 25.81  X 20  = 516.2#/In.  of  Lg. 

Wi  = 28.44  X 20  = 56.88#/In.  of  Lg.  ^ 

X = 72  1-516.2+  \|  568.82  +C568.8  x 516.2)+  516.2^  = 36.29 

52.6  N 3 

Ro  = 72  (2  X 516.2  + 563.8)  = 19214.4  in.  lbs. 

6 

M = 19214.4  X 36.29  - 516.2  x 36.292  - 52.6  x 36.293=351562.95  in.  lbs 

2 ITS. 

Z Required  = 351562.95  = 13.02  In.^ 


For  horizontal  stiffener  use  St.  5 0 10.5  In. 3,  See  Pg.  7 of 
conveyor  rear  panel  study. 


For  vertical  stiffener  use  St.  5 0 10.5  In 
calculations. 


3 


See  next  page  for 


ft  7 14,5 


ST.  S(?IQS 


Keep  thickness  of  side  panel  at  h thick  as  indicated.  Use  60 t 
for  effective  width  of  plating  = 15".  Reference  drawing  2-1026-99F 


tail  frame. 


Conclusion 

h thick  plate  with  horizontal  and  vertical  stiffeners  as  shown 
is  okay  for  tail  section. 


SECTION  III 


Pg.5 


Head’ Pressure  From  25.81  to  23.1  P.  S.  I. 


Wg  s 23.1  X 20  3 462  #/in.  of  length 
wi  « 25.81  X 20  » 516.2  #/in.  of  length 


[-463  +\ 

516.2^  +6I6.2  X 462V  462^ 

3 

/ 

s 36.33  in. 


Ro  - 72  (462  X 2 + 516.2)  » 17282.4  in.  lbs. 
0 


M » 17282.4  X 36.33  - 462  x 36.33^  - 53.2  x 36.33^  » 317074.83 


Z Required  » 317074.83  « 11.74  in.^ 

’Trm — 


From  23.1  To  20.42  P.  S.  I. 

Wo  « 20.42  X 20  » 408.4  wl  » 23.1  x 20  » 462 

> V 

» 36,36  in. 


X » 72 

sTTs 


/ 

-408.4  +\ 

462^  +662  X 408.8^x  408.8^ 

'3 

/ 

Rq  * 2i  (408.4  X 2 + 462)  « 15345.6  in.  lbs. 
6 


M » 15345.6  X 36.36  - 408.8  x 36.36^  - 53.6  x 36.36^  » 281774.88 

2 432 


2 Required  « 231774.88  » 10.43  in. 

3oT 


SECTION  III  Pg.  6 

Head  Pressure  From  17.8  to  12.5  P.  S.  I. 


X = 144 
106 


- 250  + 


12.5  XiTo  X 1Z.5  20  * 250 


•-  15.1 


1.8y^  /W*,  X 5S(o 


- 74.09  in. 


P = 144  (2  X 250  + 356)  = 20544 
6 


M = 20544  X 74.09  - 250  x 74.09^  - 1C6  x 79.09^  = 775243.38 


864 


Z Required  = 775243.38  = 2^^1in.  standard  section  is  not  strong 

2V003  — ■ enough.  See  Pg.  8 


By  addi.ig  a horizontal  stiffener  to  the  above,  we  can  change  the 
requirements . 


X = 72 


y 

-302  +\ 

5 5-) 

356  +656  X 302"^+  302^ 

\ 

' ^ 

/ 

= 36.49  in. 


Rq  =72  (2  X 302  + 356)  = 11520  in.  lbs. 


M = 11520  y 36.49  - j02  x 36.49^  - 54  x 36.49^  = 213231.88  in.  lbs. 

2 


TTT 


Z Required  = 213231.88  = 7.9  in . 


3 


SECTION  III 


Pg.  7 


X = 144  1-142  A 250^  +650  x 142V  142^  = 75.28 


Rq  = 144  (2  X 142  + 350)  = 15216 
6 

yi  = 15216  X 75.28  - 142  x 75.28^  - 108  x 75.28^  = 689770.7  in.  lbs 


Z Required  = 689770.7  = 25.54  in.^ 


SECTION  III 


Cross  Section  2-1026-P3-A-F 


I ^ 

Ab&M  T I ^Ii437  I* 


.375  9.75 


1.437  9.93 


3.75  .062 


.269  98.6 


M 

IDE 

.46 

.015 

.075 

17.81 

926.86 

115.85 

2.54 

979.15 

25.04 

18.05 

1036.44 

181.42 

38.86 

322.385 

9.359 


d = 38.86  = 4.15  In.  = 322.385  - 9.351  x 4.15  = 161.19 

9.359 


Minimum  Z = 161.19  = 27  in.' 

r.si  ■ •= 


Conclusion 


The  standard  side  panel  with  a 1/4  thick  plate  and  a 3/16  thick 
hat  section  without  outside  stiffeners  is  good  down  to  28  ft. 
head  or  12.5  P.  S.  I.  The  required  Z = 25.54  io*  from  Pg.  6 

The  available  Z = 27  in.^ 


I 


SECTION  III 


liiftT  “XtS 


lErZ^HL^—  1.18 


lAlUT  . 

rnoo**! 


-1.1 


Typ.  trunk  side  panel  showing 
arrangement  of  vertical  and 
horizontal  stiffeners  with 
1/4  thick  plate. 


Ouar  M 
»noo«- 


6e&  Py  l4a 


T“' 


(t‘  Wht  i'l 


hi 


ss&raiL 


.134*  i 1 1 


r' 


lii 


jay  z,lAiS 


The  standard  side  panel  with  a 
1/4  thick  plate  and  3/16  thick 
plate  hat  section  can  be  used 
down  to  12.5  P.  S.  I.  without 
any  outside  stiffeners  below 
12.5  P.  S.  I.  Horizontal 
stiffeners  will  be  added  at 
6 ft.  intervals  as  indicated. 

At  the  bottom  section  (1) 
vertical  stiffener  will  also 
be  added.  All  outside  stiffeners 
will  be  St.  5 @ 10.5. 

The  maximum  length  of  a panel 
will  be  12'  long.  A horizontal 
stiffener  should  be  at  each  12' 
span  unless  a deck  is  at  this 
height. 


I.  i I > I I. 

I*- 20-4-20-1 


— 28.44 


Total  weight  = 5564#  per  side 


This  is  comparable  with  6885  lbs.  per  Section  I,  Pg.  7 


SECTION  III 


Pg.  10 


Conclusion 

A standard  side  panel  with  a 1/4  thick  plate  and  a 3/16 
thick  hat  section  can  be  used  the  full  length  of  the  trunk 
with  a minimum  amount  of  change  to  make  it  W.  T.  by  doing 
the  following: 


1.  Add  horizontal  and  vertical  stiffeners  to  the  bottom  panel 
since  the  hat  section  cannot  extend  into  the  tail  frame. 


2.  Add  horizontal  stiffeners  at  6*  intervals  as  indicated 
on  Pg.  9. 


3.  All  calculations  have  not  taken  the  horizontal  channels 

located  on  the  inside  of  the  side  p6mels  into  consideration 
although  they  do  add  strength  to  the  construction  of 
the  trunk. 


The  main  advantage  to  this  study  is  that  the  basic  trunk  will  remain 
the  same  whether  the  trunk  is  W.  T.  or  Non  T. 


The  addition  of  a minimum  amount  of  stiffeners  will  required 
to  change  from  a Non  T.  trunk  to  a W.  T.  trunk. 
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CONVEYOR  OVERLOAD  PROTECTION  REVISION  I 
INTRODUCTION 

REF;  (a)  NAVSEC  LETTER  6164D2/SJO  SER.  685 

(b)  KORNYLAK  LETTER  2-1026/D.  SMITH  DATED  29  June  ‘76 

(c)  CONVEYOR  SPEC.  SHIPS  C-5552 

1.  In  compliance  with  paragraph  2 of  ref.  (a) , this  study  shall 
cover  the  following: 

(a)  Review  of  mechanical  friction  clutches  with  torque 
limiting  capabilities. 

(b)  Also  an  evaluation  of  positive  type  torque  limiting  devices, 

(c)  An  electrical  overload  device  to  monitor  the  power  circuit 
as  part  of  the  conveyor  overload  protection, 

2.  Based  on  the  parameters  formed  by  ref.  (a)  and  (c) , along  with 
the  reasons  for  disapproval  of  the  posidyne  unit  submitted 
with  ref.  (b) , the  different  types  of  torque  limiting  devices 
has  been  narrowed  down  to  a select  few  which  have  such  features 
as  simplicity,  minimal  maintenance,  economical  and  no  external 
power  requirements  for  transmitting  and/or  limiting  torque. 

3.  Although  friction  type  clutches  are  the  most  common  type  of 
torque  limiting  device,  a realtively  new  positive  type  device 
which  uses  a spring  loaded  ball  or  key  detent  for  limiting 
torque  transmittal  will  also  be  reviewed  and  considered  in 
this  study. 


(i) 


i'iiliiiirtir 


4,  since  the  tray  overload  protection  device  as  defined  in 

paragraph  3.4  (b)  and  3,4.22  (d)  of  ref.  (c)  has  been  temp- 
orarily shelved  in  Phase  II,  another  type  of  electrical 
overload  device  must  be  selected  to  provide  added  protection 
to  the  conveyor  system. 


(ii) 
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1. 


TORQUE  LIMITER  LOCATION 


1.1  Most  torque  limiting  devices  are  recommended,  by  the 

manufacturer,  to  be  located  on  the  output  shaft  or  slow 
speed  side  of  the  reducer  (ref.  Fig.  1)  for  the  following 
reasons: 


(a) 

Helps  prevent 
disc  glazing. 

friction 

(b) 

Dounpens  motor 
torque . 

startup 

(c) 

Reducer  error 
setting. 

in  torque 

This  can  occur  during 
continuous  or  prolonged 
slippage  at  high  speed. 

This  will  allow  a closer 
torque  setting  to  be  made 
to  full  load  requirements. 

An  error  in  torque  setting 
on  the  input  side  of  the 
reducer  is  magnified  by  the 
reducer  ratio  at  the  output 
shaft. 


Torque  Limiter  located  on 
Output  Shaft  of  Reducer 


(1) 


The  torque  limiter  location  as  shown  in  Fig.  1 is  not  ideal 
for  application  in  a drive  train  for  a vertical  type  conveyor 
because  the  location  is  on  the  load  side  of  the  reducer  and 
also  in  between  the  brake  and  the  load.  Eventual  wear  or 
even  accidental  lubrication  from  excessive  lubricant  on  a 
drive  chain  could  cause  slippage  under  load,  allowing  the 
conveyor  to  backtravel  and  cause  damage. 


Therefore,  the  proper  location  for  the  torque  limiter  in  this 
case  and  as  specified  by  SPEC.  SHIPS-C-5552 , is  in  between 
the  motor  and  the  input  shaft  of  the  reducer  (ref.  Fig.  2) 
thus  defeating  the  advantages  mentioned  in  paragraph  1. 


G-EAR 

REDUCER. 


\ ELcCTR  KOTOR. 

V 


Torque  Limiter 
located  on 
Input  Shaft 
of  Reducer 





MAIM  CONVEYOR  FV(»  Z 


DESIGN  REQUIREMENTS  AND  LIMITATIONS 


Requirements  by  specification 

Ships  C-5552  Ref.  paragraph  3.5.13  & 3.5.15 

(a)  Friction  clutch  to  include  a flexible  coupling. 

(b)  Adjustable  setting  to  allow  slippage  between  110-115% 
of  rated  full  load. 

(c)  Further  adjustment  required  to  allow  dynamic  testing 
per  paragraph  4.3.2, 

TORQUE  LIMITER  SIZE  SELECTION 


Drive  calculations  per  K.C.  Drawing  2-1026-DC  Rev.  A 
indicate  that  drive  sizes  from  3 HP  to  10  HP  inclusive 
are  required  to  cover  the  required  20  ft,  to  90  ft, 
center  distance  range  of  conveyors. 

Past  purchases  of  standard  85#  Capacity  Vertical  Stores 
Conveyors  for  Navy  ships,  ranging  from  the  shortest  units 
on  the  "LSD"  Class  ships  to  the  tallest  units  on  the  "AS" 
and  "CVA"  Class  ships,  provide  the  following  input 
collected  from  255  installations. 

13%,  (a  quantity  of  34)  would  have  a 3 HP  drive 
72%,  (a  quantity  of  184)  would  have  a 5 HP  drive 
13%,  (a  quantity  of  35)  would  have  a 1\  HP  drive 
2%,  (a  quantity  of  5)  would  have  a 10  HP  drive 
The  above  figures  are  based  on  the  85#  size  conveyor 
center  distances  applied  to  the  drive  selection  chart 
on  the  above  drawing,  using  the  60"  tray  space  column. 
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2.2.3  The  torque  range  and  bore  sizes  required  for  each  drive 


size  are  as  follows. 


Drive  H.P. 

3 

5 

7h 

10 

Operating  Lb.  Ft. 

9 

15 

22.5 

30 

Torque  Lb.  In. 

(108) 

(180) 

(270) 

(360) 

(1) 

Input 

Motor  Bore 

1.625 

1.625 

1.875 

1.875 

(2) 

Output 

Reducer  Bore 

1.625 

1.750 

1.875 

2.000 

Adj.  Range  50%  to 
150%  of  Oper.  Torque 

54 

90 

135 

180 

Lb.  In. 

162 

270 

405 

540 

(1)  Motor  input  bore  based  on  3 speed  constant  torque 
motors  using  254T  through  286T  Frames. 

(2)  Reducer  bore  sizes  based  on  using  Cone  Drive  HU 
Models  with  4",  6",  7"  and  8"  C.D. 

2.3  Other  design  requirements: 

(a)  Automatic  shut-off  limit  switch  activated  by  Torque 
Limiter  at  point  of  overload. 

(b)  Bi-directional  operation. 

(c)  All  position  (vertical  or  horizontal)  mounting 

(d)  Externally  and  infinately  adjustable. 

(e)  Capable  of  withstanding  frequent  overload. 

(f ) Steel  construction  (no  cast  iron  permitted) . 

(g)  Automatic  reset  in  either  direction. 

(h)  Maintain  accuracy  of  trip  setting  under  abnormal 

conditions.  Such  as  corrosive  salt  laden  atmosphere, 

o o 

ambient  temperature  range  of  -20  to  +120  F,  high 
humidity,  dusty  or  oily  atmosphere. 


(4) 


(j)  Limited  maximtun  setting  and/or  tamperproof  setting. 

(k)  Enclosed  unit  (for  environmental  protection) . 

(l)  Minimum  maintenance. 
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3. 

3.1 

3.2 

3.3 
3.3.1 


3.3.2 


3.3.3 


MECHANICAL  FRICTION  TYPE  CLUTCHES 

The  most  common  torque  limiting  devices  available  are 
mechanical  friction  type  clutches  which  basically  con- 
sist of  two  different  designs,  Rim  or  Drum  and  axial 
type. 

The  rim  or  drum  type  (ref.  Fig.  3)  are  of  the  internal- 
expanding or  external-contracting  shoe  type.  Both 
types  rely  on  a combination  of  air  pressure  and  release 
springs  or  centrifugal  force  for  control.  The  expanding 
type  is  commonly  used  for  continuous  slippage  in  con- 
trolled torque  applications  while  the  contracting  type 
is  best  suited  for  cyclic  applications,  neither  of 
which  are  suitable  for  vertical  conveyor  operation  or 
overload  protection. 

The  axial  type  consist  of  the  following  designs,  cone, 
disc  and  multidisc. 

CONE  DESIGN  - Ref.  Fig.  4 and  4A 

The  present  tendency  is  to  limit  cone  type  clutches  to 
low  speeds  where  sudden  pick-up  of  load  is  not  object- 
ionable. Past  performance  of  certain  cone  type  clutches, 
operating  at  motor  speed  (1750/1800  RPM) , failed  to 
provide  protection  since  the  cone  design  is  susceptible 
to  heat  build  up  during  high  speed  slippage.  This 
causes  a malfunction  or  breakdown  of  the  friction  cone 
which  defeats  its  torque  limiting  capabilities,  and 
for  this  reason  will  not  be  considered  any  further, 

DISC  DESIGN  - Ref.  Fig.  5 and  5A 

This  design  is  the  simplest  and  most  economical,  mech- 
anical friction  type  clutch  available,  and  is  mechanically 
held  in  constant  engagement  by  one  or  more  springs. 

Both  makes  shown  in  Fig,  5 and  5A,  offer  the  following 
features  in  that, 

(a)  They  can  slip  during  engagement  thus  allowing  the 
drive  to  pick-up  and  accelerate  the  load  with 
minimum  shock, 

(b)  They  can  be  used  at  either  high  or  low  speed 
engagements  and  will  slip  under  shock  loads, 
providing  cushioning  to  the  system. 

(c)  They  automatically  re-engage  when  the  overload 
is  removed. 
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Disadvantages  of  this  design  are  as  follows: 

(a)  Inaccuracy  of  torque  setting  and  repeatability 
due  to  changes  in  humidity,  temperature,  friction 
lining  wear  or  contamination  by  oil,  rust  or  dirt, 

(b)  Erratic  or  unstable  spring  pressure  based  on  torque 
setting  being  in  low  range  of  spring  pressure. 

(c)  No  definate  movement  available  (other  than  normal 
slippage)  to  use  for  tripping  a motor  cutout  limit 
switch. 

MULTI  DISC  TYPE  - Ref.  Fig.  6 thru  6H 

Multi  Disc  units  are  similar  in  operating  principle  to 
single  disc  units.  The  major  difference  being  that 
alternately  stacking  or  interleaving  of  the  driven 
and  driving  discs  can  increase  the  friction  area  thus 
creating  a greater  torque  capacity  for  a given  clutch 
diameter. 

Limitations  to  this  design  are, 

(a)  Restrictions  to  the  number  of  starts  per  hour 
when  compared  to  a single  disc  clutch  of  the  same 
mechanical  capacity  and  material,  due  to  heat 
build  up  when  they  are  used  in  air  as  a dry  clutch 
without  lubrication. 

(b)  Loss  of  capai'i-cy  at  the  time  of  engagement  due  to 
disc  slid'*'  .g  resistance. 

(c)  Complexity  of  parts  and  more  maintenance  is  re- 
quired when  compared  to  a single  disc  unit, 

(d)  Periodic  cleaning  of  the  discs  is  required  to 
assure  that  the  adjustment  or  setting  remains 
the  same,  even  for  a wet  type  clutch, 

(e)  Accumulation  of  occasional  slippage  will  even- 
tually cause  a false  overload  tripping  of  the 
unit  shown  in  Fig.  6. 

The  unit  shown  in  Fig.  6 is  not  recommended  for  use 
where  the  overload  is  only  slightly  higher  than  the 
maximum  overload.  The  overload  recommended  by  the 
manufacturer  must  be  either  a heavy  shock  or  a suddenly 
applied  load  substantially  greater  than  the  maximum 
working  load.  Therefore,  a gradual  build  up  of  over- 
load might  not  trip  the  unit. 
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3.4.4  The  overall  picture  presented  by  this  unit  indicates  that 
many  variables  are  involved  in  determining  the  overload 
limits  or  setting  for  this  type  of  clutch  and  that 
maintenance  is  required  at  regular  intervals  for  either 
the  wet  or  dry  type,  to  maintain  the  correct  setting 
when  found.  Therefore,  it  is  our  opinion  that  the 
multi  disc  type  is  too  complex  and  has  several  undes- 
irable features  which  are  not  suitable  for  this  app- 
lication. 


(8) 


DAI.TCIN  MODEL  *'OSDC” 

OViRlOAD  SAFETY  DEVICE 


’ The  Daltm  OSDC  (Overload  Safety  Device  Coupling)  provides  overload 
protection  through  the  use  of  an  OSD  unit  combined  with  a roller  chain 
coujdhtg  half  counterboied  to  fit  the  OSD  flange.  Standard  double-width 
roller  diain  is  used  to  couple  the  basic  OSD  unit  and  the  coupling  half. 

The' OSDC  cau  be  set  with  a torque  wrench  for  maximum  load 
desired.  The  unit  functions  as  a roller  chain  coupling  until  an  overload 
occurs,  causing  the  OSDC  to  dis-engage.  The  device  is  automatically 
re-eng{^ed  when  the  overload  is  eliminated. 


Pdt*nf  No. 
2.6S9.220 


Coupling 

No. 

Weight 

Lbs. 

Max. 
FI.  Lbs. 
Torque 

No.  of 
Springs 

MAXIMUM  BORE 

MINIMUM  BORE 

Coupling 

Half 

No. 

OSD 

Sprocket 

No. 

Coupling 

Chain 

No. 

Coupling 

Half 

OSD 

Half 

Coupling 

Half 

OSD 

Half 

OSDC-225 

4 

35 

1 

1 '/J " 

3/4-* 

yr 

%" 

4020A 

40A20SC 

D40 

OSDC-225D 

4 

50 

2 

! Vi " 

3/4-* 

w 

Va" 

4020A 

40A20SC 

D40 

OSDC-337 

9 Vi 

100 

1 

Vk" 

^ W * 

Vi" 

Vi" 

4027A 

40A27GC 

D40 

OSDC-337D 

9 Vi 

175 

2 

Vk" 

^ ff  ■* 

Vi" 

Vi" 

4027A 

40A27GC 

D40 

OSDC-450 

16 

190 

1 

3" 

1 y>" 

Va" 

Va" 

5026A 

50A26GC 

D50 

OSDC-450D 

16 

285 

2 

3" 

1 Vs" 

Va" 

Va" 

5026A 

50A26GC 

D50 

OSDC-600 

30 

320 

1 

4" 

1 Vs" 

r 

1" 

6031 A 

60A3IGC 

D60 

OSDC-600D 

30 

440 

2 

4" 

1 ys" 

1" 

1" 

6031 A 

60A31GC 

D60 

OSDC-750 

46 

550 

1 

5" 

2Vi“ 

1" 

1" 

8027A 

80A27GC 

D80 

OSDC-750D 



46 

775 

2 

5" 

2Vi" 

1" 

1" 

8027A 

80A27GC 

D80 

*For  maximum  bore  on  OSD225,  OSD225D,  OSD337  and  OSD337D,  a shallow  keyway 
is  used  of  */;  standard  depth.  Use  the  next  larger  sire  "OSD"  unit  when  a standard  keyway  is  desired. 
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In  furnishing  a coupling 
half  to  be  used  in  the 
"OSDC".  care  must  be 
taken  that  a standard 
cut  tooth  sprocket  is  not 
used.  The  teeth  of  the 
"OSDC"  coupling  half 
are  cut  with  special 
tooth  form  to  compen- 
sate for  shaft  misalign- 
ment. 


FORMULA  FOR 

TORQUE-HORSEPOWER  (Foot  Pounds) 


TORQUE  (Ft.  Lbs.)  = 


HP  X 5252 
RPM 


HORSEPOWER  = 


Torque  Ulmlter  couplings 


tornue  limitPi  rr'iipling 


The  Torque  Limiter  '’■upling*  com- 
bines overload  slip  protection  with 
the  ability  to  couple  driving  and 
driven  shafts.  It  is  an  assembly  con- 
sisting of  a standard  Morse  Torque 
Limiter  and  a roller  chain  coupling. 
A stock  “A"  plate  sprocket  with 
ground  faces  serves  as  the  center 
member  ct  the  Torque  Limiter,  and 
it  IS  coupled  to  a type  “B”  sprocket 
by  an  ASA  double  strand  roller  chain 
which  IS  easily  connected  by  a 
Single  pin.  This  construction  pro- 
vides a dependable  and  easy-to- 
assemble  flexible  coupling  having 
shaft  misalignment  compensation. 


I 


^iUL. 


0 - V—  £ 


I Sleek  ^ . Stock  , . 

Miialifn  I Tojquj  Mift.  PUin  Fmithcd 

Borot  Price  Bore  Pnee  Spkl. 

• — ' - '77i,u.|cpi^  CPI.7 

timiltf  Spkl  UmlUf  Spkt. 


Me«ei  r-^ 1 cepicjjjr 

Mumbar  Max.  Max.  1 !•*»»• 

Parallai  Anfular 


DIMENSIONS 

(tnchai) 


'<  $ 92  60  C 


250A-2C 

.010 

350A-1C 

.012 

- $ 96  60 

4. 

101.70 

422 

$ 96  60  4.  3 4 2 1 m 'A  4Mi 


1 I'A  'A  4Vj 


I’A  2V|.  'A  im 


17i  2Vi.  'A  im 


IVi  3 'A  27 


- 

140  10 

524 

- 

241  30 

628 

~ 

254  60 

62S 

I'A,  U., 

1 42A70  1" 

2 


l'->.  I”*. 

1 444  20  V’  *. 

2 


6 , 

2H 

3’A 

ij 

2Vi 

3’A 

*Couoline  Sprocket  Minimum  Plain  Bore 
^Torque  limiter  only,  includes  one  U)  setscrew 

■AW'jfking  ch.’rgf's  ror  utH 


--".?'Ti:;i-|  bnr^;  kpywny  or  setscrew 


Model  Rebore 
! Uarh  I 


QUANTITY  1-49 


TORQUE  LIMITER 


Keyway  i Add’l  Setscrew 


COUPLING  SPROCKET 


i Rebore.  Keyway,  and  Setscrew 

-1  (No  reduction  lor  omitting  any  o(  these  features) 


Mecti.  Set-Up  Mach.  Sel-Up  Mach.  i Set-Up  : 

Charge  Charge  | Charge  Charge  | Charge  | Charge  . M,ich.  Charge  I Set-Up  Charge 

$7.50  $59.70  ' $.85  I $59  70  i $l  35  , $59  70  ' $ 8 70  | $12175 

]^^^;^^1~9.50  ; 59.70  ' 1 00  ' 59.70^  2,00  59  70  ;■  1170  | 12175 


SMa'pc'  i ^9.70 1~  2 35  59  70  i 

7MA-2^i  59-70  1 3 00  59.70  j 3 35  | 59  70; 


|700A-2Ci 

Reworking 
Charge  iNet).  ?a 


$121  75 
121  75 
121.75 
121.75 


Machining  . 
Charge 


Set  Up  Charge  _ \ 
Quantity  Identical  Units”  / 


AUTOMATIC  OVERLOAD 
RELEASE  CLUTCHES 


MAXITORQ  PRODUCTS 


r. 


I 


SeftlES  AH  AIK  OK 
HYOKAUUC  CLUTCHES 
OR  BRAKES 
BULLETIN  NO.  101 


SERIES  9000A 
ELECTRIC  CLUTCHES 
AND  FAIL-SAFE  CLUTCHES 
OR  BRAKES 

BULLETIN  NO.  90A  & 95 


AUTOMATIC 
OVERLOAD  RELEASE 
CLUTCHES 
BULLETIN  NO.  150A 


STANDARD  SINGLE 
AND  DOUBLE  CLUTCHES 
OR  BRAKES 
BULLETIN  NO.  50 


DISC-PAC 
'HEART''  Of 
MAXITORQ  CLUTCHES 
BULLETIN  NO.  55 


ALSO  AVAIUBLE  CLUTCH  DISCS. 
SEPARATOR  SPRINGS,  DRIVING  CUPS 


jimim 


14 


MMaadtarif 

Floating  Disc, 
Automatic 


SIMPLE,  EFFICIENT,  "BUILT-IN  PROTECTION" 

FOR  POWER  DRIVEN  EQUIPMENT 

The  Maxitorq  Overload  Release  Clutch  has  been  designed 
for  applications  where  it  is  desired  to  protect  a machine 
and  its  products  against  damage  resulting  from  accidental 
overloading  of  the  mechanism.  This  type  of  clutch  promises 
freedom  from  costly  shutdowns,  resulting  in  substantial 
savings  to  the  user. 

When  overload  occurs,  the  clutch  automatically  releases, 
stopping  the  machine  and  preventing  damage.  When  the 
jammed  condition  has  been  cleared,  the  clutch  is  reen- 
gaged and  the  machine  is  again  in  operation. 

The  overlood  releose  clutch  is  specifically  recommended 
for  applications  where  the  noture  of  the  overload  will  be 
either  a heavy  shock  or  a suddenly  applied  load  of  a 
magnitude  substantially  greater  than  the  normal  driving 
load.  Jamming  and  clogging  of  the  mechanism,  imposing 
as  it  does  a severe  shock  on  the  driving  components,  is 
characteristic  of  this  type  of  overload.  The  clutch  will  perform  most  effectively  under  these  conditions.  Protection  from  such 
an  overload,  in  the  past,  has  usually  been  accomplished  by  the  use  of  shear  pins.  The  overload  release  clutch  is  not  recom- 
mended for  applications  where  the  overload  will  be  but  slightly  greater  than  the  normal  driving  torque. 

By  means  of  a simple  finger-tip  adjustment,  the  clutch  cdti  be  set  to  transmit  the  normal  running  load  for  a particular 
application.  It  automatically  disengages  when  an  overload  occurs,  and  positively  slips  into  neutrol. 

DOUBLE  CLUTCHES.  The  overload  release  feature  can  be  incorporated  on  double  clutches  on  special  order  on  either  one 
or  both  ends. 

NOTE:  Maxitorq  Clutches  as  furnished  can  run  dry  or  In  oil.  We  specifically  recommend  Series  A oils.  If  high  gear  loading  or  worm  and  wheels 
are  adjacent  to  the  clutch  and  indicate  extreme  pressure  additives  that  would  reduce  clutch  torque*  please  contact  the  factory  for  recommendations. 


SPECIFICATIONS  . . . CLUTCHES  NOTE:  Dordelet  self  locking  full  dog  point  set  screw  must  bottom  in  spotted  hole  in  shaft. 
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OVERLOAD  RELEASE 

CLUTCHES 


INVERTED  CAM  TYPE  for  single 
registration  enabling  register- 
ing two  shafts  to  a specific 
relationship. 


‘Key way  to  suit  conditions. 
Bcoringi-Spacer-Retoining  Rings, 
Adopter  furnished  by  customer. 


DRIVING  RING  CUPS 

FOR  OVERLOAD  RELEASE  CLUTCHES 

Overload  release-type  driving  ring  cups  are  the  means  by 
which  the  overload  release  clutch  is  connected  to  either  the 
driven  or  driving  member. 

Ring  cups  are  accurately  machined  and  finished  ground. 
All  working  surfaces  are  heat-treated.  The  hub  or  cut-off 
coupling  type  adapter  is  furnished  by  user  to  suit  instal- 
lation requirements. 

Because  of  the  unusuoi  cam  construction,  it  is  recommended 
that  we  furnish  overload  release-type  driving  ring  cups  as 
well  as  the  clutch.  We  are  equipped  to  make  them  correctly 
in  reasonable  quantities.  Through  an  associated  company 
we  can  provide  a package  incorporating  the  Carlyle  John- 
son clutch  unit  and  other  components  required  for  a com- 


plete installation.  If  this  latter  course  is  desired,  preliminary 
drawings,  a complete  quotation,  assembly  instructions  and 
recommendations  will  be  provided. 

SHIFTERS 

Special  overload  release  shifters  are  availoble  for  clutch 
sizes  20  through  26.  Shoes  and  studs  are  available  for  all 
sizes  including  27  and  28  for  riveting  into  shifter  yokes 
designed  by  the  customer.  The  user  can,  if  desired,  incor- 
porate a limit  switch  in  the  power  input  line.  This  switch  is 
operated  in  conjunction  with  the  clutch  shifter  sleeve  to 
open  the  circuit  when  clutch  release  is  effected  by  the  over- 
load. Maxitorq  Overload  Release  Clutches  may  be  used  on 
a continuous  shaft,  or  os  a cut-off  coupling  type  for  con- 
necting two  shafts. 


OVERLOAD  RELEASE  CLUTCH  DRIVING  RING  CUPS  AND  ADAPTERS 
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Bulletin  No.  58 


MAINTENANCE  AND  ADJUSTMENT 
OF 

MAXITORQ  CLUTCHES 


The  Carlyle  Johnson  Machine  Company  guarantees  Maxitorq 
Clutches  against  imperfections  in  materials  and  workmanship.  To 
assure  good  service  the  clutch  must  be  kept  properly  adjusted  and 
maintained.  Ne  offer  the  following  bulletin  as  a guide  to  better 
clutch  performance. 

STANDARD  CLUTCH  ADJUSTMENT 

The  clutches  are  factory  adjusted,  yet,  the  machine  builder 
may  make  a furt-her  adjustment  to  suit  his  particular  requirements. 
During  the  run-in  period  of  any  machine  it  may  be  necessary  to  take 
up  the  adjustment  due  to  initial  wear-in  period.  To  make  a change 
in  adjustment,  lift  the  lock  spring  and  move  the  adjusting  ring  one 
notch  at  a time.  These  notches  can  be  seen  on  the  outside  diameter 
of  lever  retaining  ring  inside  of  the  adjusting  ring.  Be  sure  to 
replace  spring  after  making  adjustment.  To  adjust  the  split  type 
ring  loosen  the  cap  screw  and  rotate  not  more  than  10  degrees  at 
a time,  making  sxire  to  tighten  the  cap  screw  after  each  adjustment. 
Contact  the  machine  builder  if  the  desired  results  are  not  obtained. 
CAUTIONj  Be  careful  not  to  over  adjust  the  clutch.  This  condition 
does  not  allow  the  discs  to  separate  sufficiently  in  the  neutral 
position,  causing  loss  of  freeness,  excessive  wear,  and  possible 
breakage  of  the  separator  springs. 

OVERLOAD  RELEASE  ADJUSTMENT 

First  back  off  the  adjusting  ring  until  the  clutch  will 
immediately  throw  out  when  power  is  applied.  Then  slowly  take  up 
one  notch  at  a time.  If  the  split  type  ring  is  used,  do  not  turn 
the  ring  more  than  10  degrees  at  a time.  Apply  the  power  after 
each  change  iintil  the  clutch  will  just  stay  in  engagement.  To 
over  adjust  means  that  too  much  overload  must  occure  before  the 
clutch  will  disengage  itself.  If  the  user  wishes  to  protect  for 
light  loads,  then  a careful  adjustment  must  be  made.  Under  this 
condition,  it  is  possible  to  adjust  sufficiently  to  carry  the  load, 
but  minor  variations  of  torque  will  cause  the  clutch  to  slip  by 
small  amounts  until  the  cams  interfere  and  disengage  a few  times 
a day.  It  is  up  to  the  user  to  decide  the  degree  of  protection 
most  suited  to  his  particular  application.  Care  must  be  taken  to 
keep  all  disc  surfaces  clean  to  assure  that  the  adjustment  will 
remain  the  same.  NOTE: — If  a variable  speed  drive  is  used,  the 
adjustment  must  be  changed  if  the  speed  is  to  be  changed. 
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WET  CLUTCH:  (Ail  steel  discs) 


This  clutch  should  always  be  nan  in  oil.  Periodic  checks 
should  be  made  to  make  sure  oil  is  clean  and  free  from  carboniza- 
tion. Depending  upon  the  usage,  gear  boxes  should  be  drained, 
flushed  out  and  new  oil  put  in  on  a scheduled  basis.  NOTE: — 
Special  low  speed  applications  that  have  been  approved  by  the 
factory  to  nan  without  oil  should  be  maintained  like  a dry  clutch. 


DRY  CLUTCH:  (Alternate  steel  and  bronze  faced  discs) 


This  type  of  clutch  has  been  designed  so  that  the  disc  uaiit 
may  be  run  as  a diy  \anit  without  lubrication.  It  may  also  be  nan 
in  oil.  It  has  been  the  experience  of  the  factory  that  carboniza- 
tion will  form  if  oil  heavier  than  200  viscosity  is  used.  Heavy 
oil  also  reduces  the  freeness  of  the  neutral  position  due  to  the 
hydraulic  shear  value  of  the  oil  and  at  the  same  time  increases 
the  working  temperatxare  as  well  as  reducing  the  torque  value  of 
the  unit.  A clutch  that  is  running  dry  and  usually  unprotected 
from  all  fonns  of  contamination  must  be  cleaned  at  regular 
intervals  to  assure  proper  operation.  Unless  the  clutch  unit  is 
badly  corroded,  it  is  generally  unnecessary  to  take  the  unit  apart. 
Take  an  oil  can  filled  with  any  of  the  commercial  solvents  and 
work  the  solvents  down  through  the  disc  assembly  and  into  the 
lever  and  cam  system.  The  discs  are  readily  accessible  if  a milled 
type  cup  is  used.  If  our  ring  type  cup  is  used,  it  is  necessary 
to  work  the  solvent  in  through  the  milled  slots  under  the  shifter 
sleeve.  This  milled  slot  runs  the  full  length  of  the  body  and 
will  carry  the  solvent  into  the  disc  assembly.  On  a single  clutch, 
it  may  be  necessary  to  use  the  finger  to  dam  up  the  back  of  the 
milled  slot  on  the  shifter  sleeve  end  of  the  body  so  the  solvent 
will  min  into  the  discs  instead  of  out  the  back  end.  When  you 
have  i-rorked  a sufficient  amount  of  solvent  into  the  clutch,  start 
up  the  machine  and  engage  and  disengage  the  clutch  to  free  up  the 
unit.  Repeat  this  procedure  until  the  clutch  works  correctly. 

If  this  method  falls,  then  it  will  be  necessary  to  remove  the  clutch 
from  the  machine — disassemble  and  clean  thoroughly.  Before  re- 
assembling the  clutch,  study  the  exploded  view  and  the  following 
description  to  be  sure  the  parts  are  put  back  in  the  right  sequence. 
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Place  the  clutch  as  shovm  in  figure  (1). 

Looking  down  on  the  clutch  as  in  figure  (2),  raise 
lock  spring,  rotate  adjusting  ring  in  a clockwise 
direction  until  the  face  of  adjusting  ring  just 
begins  to  draw  away  from  the  adjacent  inner  disc. 

Press  down  on  the  end  locking  plate  until  it  can  be 
rotated  60  degrees.  This  will  free  the  bayonet 
lock  and  allow  the  end  locking  plate  to  be  removed, 
followed  by  the  discs,  separator  springs,  thrust 
collar,  adjusting  ring,  and  levers.  Unless  the 
shifter  sleeve  or  wedges  are  damaged  or  worn,  it 
is  not  necessary  to  remove  the  lever  retaining  ring 
which  is  pressed  on  the  body.  Make  sure  that  the 
lever  retad.ning  ring  is  pressed  squarely  up  against 
the  shoulder  onto  which  it  is  pressed.  Thoroughly 
clean  ail  parts  and  reassemble,  replacing  any  worn 
or  damaged  parts. 

HOW  TO  REASSEMBLE  CLUTCH 

Place  the  thrust  collar  on  the  small  diameter 
of  the  body  vdth  the  three  milled  slots  facing 
toward  big  diameter  end.  Rotate  the  thrust  collar 
so  the  milled  slots  line  up  with  the  milled  slots 
in  the  body.  Place  as  shown  in  figure  (3)  assembling 
a lever  in  each  milled  slot  in  the  body.  Then  with 
the  fingers — raise  thrust  collar  and  levers  up  until 
the  round  head  of  the  levers  is  in  the  circular 
recess  in  the  lever  retaining  ring,  as  in  figure  (4)» 
Now  turn  the  unit  over  and  screw  on  the  adjusting 
ring  as  in  figure  (5)  until  the  face  of  the  adjusting 
ring  is  flush  with  the  face  of  the  thrust  collar. 
Putting  a light  pressure  on  the  face  of  the  adjusting 
ring  with  the  thumbs,  engage  the  shifter  sleeve  with 
the  fingers  to  be  sure  that  the  lever  system  is 
working  correctly.  Put  on  the  first  disc,  making 
sure  you  have  chosen  a disc  with  the  lugs  on  the 
inside  diameter.  Next  add  a separator  spring,  then 
a disc  with  the  lugs  on  the  outside  diameter.  Continue 
to  assemble  the  discs  in  this  manner,  if  steel  and 
bronze  discs  are  used,  until  ten  discs  have  been 
assembled  for  the  #21,  #22;  twelve  discs  for  the  #23, 
#24,  #25;  fourteen  discs  for  the  #26;  sixteen  for 
the  #27,  and  eighteen  for  the  #28  clutch.  When  all 
steel  discs  are  used,  twelve  are  required  for  the 
#21  and  #22;  fourteen  for  the  #23,  #24  and  #25;  and 
sixteen  for  the  #26. 


continued  next  page 


Next  assemble  the  end  locking  plate  bj^  matching  up  the  milled 
faces  on  the  end  of  the  clutch  body.  Press  lock  plate  against 
discs  and  rotate  it.  Release  the  hand  pressure  and  rotate  until 
the  plate  snaps  into  locked  position.  Take  up  on  the  adjusting 
ring  until  there  is  a distinct  snap  when  the  clutch  engages. 

This  is  considered  to  be  a normal  clutch  adjustment. 


SUGGESTED  MAINTENANCE  PROGRAM  FOR  DRY  CLUTCHES 
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Field  experience  has  shown  that  a schedule  of  periodic 
flushing  with  kerosene  keeps  the  clutch  discs  in  good  condition. 
At  the  same  time^  kerosene  carries  a light  lubricant  which  is 
absorbed  by  the  porous  structure  of  the  powdered  bronze  facing. 

The  shifter  sleeve  should  be  lubricated  where  it  slides  on 
the  body  as  well  as  the  lever  ends  that  come  in  contact  with  the 
wedges  in  the  sleeve.  A light  oil,  perferably  No.  10  or  20  motor 
oil,  is  suggested  at  these  points. 

The  shifter  shoes  in  the  shifter  sleeve  groove  wear  better 
if  "Lubriplate"  or  an  equivalent  grease  is  used  sparingly.  See 
diagram  below — 
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Experience  will  establish  how  often  this  program  should  be 
repeated  to  give  best  results. 


READ  THIS  before  ordering  parts 


Each  part  listed  is  identified  by  a part  code  number  which  serves  as  a reference  to  enable  our  Parts  Department  to  interpret  your 
requirements.  Because  the  list  covers  more  than  one  size  clutch,  it  is  of  utmost  importance  that  you  specify  not  only  the  part  code 
number  and  name  of  the  port  required,  but,  also  the  CLUTCH  SIZE  AND  SERIAL  NUMBER  (stamped  on  O.D.  of  Sleeve),  and  whether 
for  SINGLE,  DOUBLE  or  OVERLOAD  RELEASE  TYPE  CLUTCH. 

Some  Moxitorq  clutches  contoin  ports  which  have  been  modified  to  a machine  builder's  specification,  such  os  special  clutch  bodies 
and  driving  cups  which  can  only  be  identified  with  serial  number. 

The  above  information  will  help  us  to  better  serve  you  and  will,  thereby,  avoid  delays  and  expense  occasioned  by  idle  equipment 
when  our  Parts  Department  is  obliged  to  wire  or  write  for  serial  number  or  other  information. 


STANDARD  SINGLE  CLUTCH 

Part  Code  No. 

1 03  Single  Body  (specify  bore  and  keywoy) 

1 04  Single  Sleeve  (complete  with  wedges) 

105  Adjusting  Ring 

107  VYedges 

1 08  Thrust  Collar 

1 09  Lock  Spring  (specify  width) 
no  Levers 

1 1 1 Lever  Retaining  Ring 

1 1 2 Outer  Steel  Disc  (specify  quantity) 

1 1 2*2  Outer  Bronze  Faced  Disc  (specify  quantity) 

1 1 3 Inner  Steel  Disc  (specify  quantity) 

1 13*1  Inner  Bronze  Faced  Disc  (specify  quantity) 

1 1 4 Separator  Springs  (specify  quantity) 

1 1 5 Locking  Plate 

1 1 6 Body  Set  Screw 

STANDARD  DOUBLE  CLUTCH 

Part  Code  No. 

101  Double  Body  (specify  bore  and  keyway) 

1 02  Double  Sleeve  (complete  with  wedges) 

All  other  parts  same  as  for  Single  Clutch 

STANDARD  OVERLOAD-RELEASE  CLUTCH 

Part  Code  No. 

104-1  Single  Sleeve,  Overload  Release  type 
All  other  ports  same  as  for  Single  Clutch 

STANDARD  CLUTCH  ACCESSORIES 

Port  Code  No. 

106-4  Standard  Ring  Cup 
106-6  Standard  Overload  Release  Ring  Cup 
Standard  Flange  Cup 

117  Shifter  Shoes 

118  Shifter  Shoe  Studs 

HOW  TO  ORDER 

Specify  port  code  number,  description,  clutch  ^ze,  ond  serial  number.  For  example; 
1 PART  NO.  103,  SINGLE  BODY,  VA"  BORE, 

V4"  X y$"  KEYWAY,  NO.  23  SIZE  CLUTCH, 

SERIAL  NO.  101562. 
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POSITIVE  TYPE  TORQUE  LIMITERS 
After  reviewing  all  the  different  types  of  mechanical 
friction  type  clutches  as  requested  and  not  finding  a 
design  which  offers  better  features  than  have  been 
previously  used  on  existing  vertical  conveyors,  it  is 
apparent  that  other  types  of  torque  limiting  devices 
should  be  considered  at  this  point. 

Spring  loaded  ball  or  key  detent,  positive  type  torque 
limiters  which  disengage,  rather  than  slip,  at  a pre- 
determined setting,  are  becoming  more  available  and 
competitive  in  the  commercial  field  of  power  transmission 
and  offer  a variety  of  new  and  different  features  which 
will  be  presented  and  evaluated  in  the  following  portion 
of  this  study. 

The  different  makes  and  designs  which  are  presently  on 
or  about  to  be  placed  on  the  market,  that  will  be  reviewed 
at  this  time  are,  Autogard,  Rite-Torq,  Porm-Gard  and 
Helland  Torq-Tender, 


With  the  torque  limiter  location  established  between  the 
motor  and  reducer,  an  allowance  for  starting  torque  must 
be  made  for  a positive  type  unit  since  there  is  no 
slippage.  The  selected  torque  range  should  have  a 
minimum  adjustment  of  50%  above  and  below  the  calculated 
operating  torque  required.  The  overload  tripping  torque 
setting  should  be  at  least  40%  greater  than  the  operating 
torque  to  prevent  the  torque  limiter  from  tripping  on 
start  up. 


(23) 


4.5 


To  provide  closer  overload  protection  of  110-115%  of 
rated  full  load,  an  electrical  overload  device  to 
monitor  the  power  circuit  is  required  to  supplement  a 
positive  type  torque  limiter. 


(24) 
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4.6  AUTOGARD  TORQUE  LIMITER 

4.6.1  The  torque  limiter  recommended  by  Autogard  for  vertical 
conveyor  operation  with  a motor  cutoff  switch  is  shown 
in  Figure  (7),  drawing  #AAC-206N/ACT/2/03 . 

4.6.2  The  #2  size  unit  selected  for  this  application,  incorporates 
a torsionally  soft  coupling  with  a single  position  reset 
overload  release,  having  a torque  range  of  20  to  1451 

lb,  in.  (1.67  to  121  lb.  ft.).  Three  different  coil 
springs  are  required  to  cover  the  above  torque  range  for 
3 thru  10  HP  drives. 

4.6.3  The  elastomer  elements  of  the  coupling  half  are  made  of 
"Perbunam" , a synthetic  material  which  is  oil  and  chemical 

resistant  and  will  operate  satisfactorily  in  a salt  laden 

. o 

atmosphere  with  an  ambient  temperature  range  of  -25  to 

o 

+175  F.  The  coupling  will  allow  a maximum  shaft  mis- 
alignment of  0°  -24'  angular  and  .032"  parallel. 

4.6.4  The  "ACT"  type  overload  unit  uses  (3)  ^j"  diameter  balls, 
each  located  on  a different  radius  so  that  two  (2) 
revolutions  of  movement  are  required  to  reset  the  unit 
after  disengagement,  thus  cutting  down  on  the  wear  rate 
when  compared  with  the  "AC"  type  unit,  where  the  (3) 
balls  are  located  on  the  same  radius. 

4.6.5  The  torque  limiter  is  bidirectional  and  will  reset 
automatically.  At  the  point  of  disengagement  from  an 
overload,  the  cutoff  switch  shuts  off  the  motor  and 
allows  the  brake  to  set  on  the  reducer  or  load  side  of 
the  drive.  During  the  short  period  of  time  that  the 
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brake  brings  the  conveyor  movement  to  rest,  (normally 
4 to  6 revolutions  of  the  reducer  input  shaft) . The 
motor  will  continue  to  rotate  and  shift  the  detent  balls 
thru  the  reset  position  until  the  motor  inertia  drops 
below  the  overload  trip  setting  which  will  allow  the 
unit  to  reset. 

Other  features  are: 

(a)  Limited  torque  adjustment  above  maximum  specified 
setting  by  using  calibrated  spacers  beneath  the 
spring. 

(b)  Thrust  bearing  equipped  with  grease  fitting  for 
lubrication. 

(c)  Torque  set.ting  accuracy  ± 10%  of  setting. 

(d)  Standard  finish  is  black  oxide.  However,  unit  can 
be  furnished  cadmium  plated, 

(e)  Using  an  adapter  on  the  overload  half  permits 
coverage  of  maximum  bore  requirements. 

The  operating  speed  of  1750  RPM  is  beyond  Autogard's 
normally  recommended  limit  of  600  RPM.  However,  they 
feel  the  unit  will  provide  satisfactory  service  and 
their  normal  parts  and  workmanship  warranty  will  not 
be  affected  by  the  operating  speed,  Autogard's  after 
thoughts  recommend  that  a test  under  simulated  operating 
conditions  be  mad'^  to  verify  the  above  statement.  They 
also  advise  the  use  of  a brake  on  the  motor  side  if 
possible. 
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TORCUE  RANGE  20-1^51  LB  IN. 
DEPc'MDING  ON  SPRING  INSTALLED 

MAX.  ANGULAR  rAlSALlGNhfc:NT  0®-24 
MAX,  PARALLEL  MISALIGNMENT  .03^ 


Section  A-JL 


REF.  PC..  27 A 


1/64 


4P 


AuTCGARD 


SCALt-  t PRAWN  9 


FULL 


MODEL  204N/ACT/2  TOROUE  LIMITER 
WITH  SPECIAL  ADAPTOR 


Dai  E. 

A-4-n  |AAC-2QfcN/ACT/g/03 


PIG.  NO.l 


INSTALLATION  AND  MAINTENANCE  DATA 
AUTOGARD  TORQUE  LIMITER 


BALL  TYPES 


FIG.  1 


^OUTER  PATH 


"AF"  DRIVE  PLATE  WITH  CAM  "AF"  ENGAGING  PLATE 

TYPE  "AF"  (FREEWHEELING):  Figure  1 
This  ball  type  consists  of  balls  held  in  ball  seats,  located  in 
the  drive  and  slide  plates.  A 3, 6 or  9 lobe  cam  attached  to  the 
drive  plate  rolls  the  balls  to  an  outer  path  when  a torque 
overload  occurs.  The  balls  then  roll  without  encountering 
ball  seats.  A plate  with  elongated  slots  permits  engaging  the 
unit  by  guiding  the  balls  back  into  the  seats. 


BALL  SEAT 


■■AC"  CAGE  PLATE  '•AC"'  DRIVE  PLATE 


TYPE  "AC”  (CLANGER):  Figure  2 
This  ball  type  differs  from  the  "AF"  type  in  that  the  balls  are 
not  cammed  outward  during  a torque  overload.  They  roll  at 
the  pitch  diameter  of  the  ball  .seats  and  drop  into  the  seats  as 
they  are  encountered.  This  re-engagement  is  quite  audible 
(hence  the  reference  to  the  unit  as  a clanger).  In  the  "A(’" 
ball  type,  there  is  no  cam.  The  engiiging  plate  is  replaced  by 
a slightly  thicker  cage  plate  which  assures  that  the  balls  are 


WARNINQ:  The  ratcheting  action  which  occurs  with  the 
"AC”  ball  types  can  be  damaging  to  the  unit.  Use  of  the 
"AC”  ball  type  is  not  recommended  when: 

1.  Shaft  speeds  exceed  100-200-  RPM  or 

2.  Unit  will  run,  disengaged,  more  than  5-10  seconds. 
Consult  factory  for  assistance  if  these  factors  cannot  be 
avoided  because  certain  steps,  such  as  operating  the  unit  in 
oil,  can  be  taken  to  avoid  damaging  the  torque  limiter. 


FIG.  3 


TYPE  "ACT"  (single  position  reset):  Figure  3 
The  "ACT"  ball  type  automatically  resets  each  time  in  the 
same  position  for  drives  requiring  synchronization.  The  balls 
are  scattered  on  different  diameters  so  that  when  an 
overload  occurs  the  balls  must  return  to  their  original 
positions  before  they  re-scat  Engagement  will  occur  after 
two  revolutions  in  cither  direction. 


WARNING:  T1k<  same  restrictions  as  for  the  "AC"  type 
aljove apply. except  that  the  "ACT"  type  may  tun  at  speeds 


held  in  proper  position.  up  to  4(X)-fi))()  RPM. 


By  customer 


LIST  OF 

1.  HUB 

2.  NEEDLE  BEARING 

3.  DRIVE  PLATE  & CAM 

4.  ADAPTOR  (MODEL  201' 

5.  ENGAGING  PLATE 

6.  balls 


PARTS 

7.  SLIDE  PLATE 

8.  LIMIT  SWITCH  PLATE 

9.  SPACERS 

10.  ADJUSTING  NUT 

11.  SPRING 

12. SPROCKET  OR  PULLEY 


COUPLING  PARTS 
SEE  PACES 

13  COUPLING  HUB  (MODEL  204) 

14  COUPLING  HUB  (MODEL  205) 

15  ADAPTER  (MODEL  205) 

16  COUPLING  HUB  (MODEL  206N) 

17  ADAPTER  (MODEL  206N) 


SlZf 

Dimension  “0" 

••M'*  Dia 

1 

5 '32  in. 

1-1  ’4  in. 

2 

5 16 

2 

3 

5 16 

2-1  '2 

4 

13  32 

3-1  2 

5 

T2 

5 

When  unit  is  fully  engaged. 


MODEL  202 
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PRIOR  TO  INSTALLATION 

1.  Mouiitiiif;  Si)rockc't  or  Slioavi-  on  Modol  201. 

A.  Mounting  with  tapered  bushings  (taper-lock;  Q-D; 
Browning;  etc.): 

Sprockets,  sheaves  and  timing  belt  pulleys  may  be 
mounted  directly  on  Model  201  Autogard  by  using 
taper-lock  bushings.  Select  a sprocket  with  a bushing 
to  fit  “M  dia.”  of  the  Autogard  (Fig.  4).  No  key  is  used 
with  these  bushings  when  mounting  on  the  Autogard. 
Be  certain  that  the  bushings  are  properly  mounted  and 
tightened  per  the  instructions  accompanying  each 
bushing.  T?ioroughly  clean  all  grease  and  oil  from  “M 
dia.”  with  solvent  prior  to  mounting  the  bushing. 
NOTE:  Check  that  adaptOT  and  bushing  assy,  is  free  to 
turn  on  hub  after  bushing  has  been  fully  tightened. 


ROTATION  OF  DRIVEN  PLATE 

CW  SLIDE  PLATE  CW  DRIVE  PLATE 

CCW  DRIVE  PLATE  CCW  SLIDE  PLATE 


2.  Niiml)or  of  Ixills: 

Check  to  see  if  the  proper  number  of  balls  are  in  the  unit  per 
Table  3.  When  changing  from  a coil  spring  to  a disc  spring,  it 
will  be  necessary  to  add  balls.  The  balls  are  standard  ball 
bearing  balls  and  can  be  obtained  from  distributor. 


B.  Mounting  with  bolts: 

Sprockets,  flat  sheaves,  etc.  may  also  be  mounted  on 
Model  201  Autogard  by  bolting  as  shown  in  Fig.  4. 

The  adaptor,  item  4,  must  be  removed  for  drilling  and 
tapping  the  mounting  holes  (Table  2)  if  they  were  not 
ordered  with  the  unit  (see  Disassembly  Procedure 
page  7). 

Attach  .sprocket,  etc.,  onto  adaidor  prior  to  re- 
assenilily  and  insiiect  to  insure  that  tliere  are 
no  protrusions  inside  tlie  adaidor  which  might 
interfere  with  the  liul).  Tlie  unit  may  tlien  Ik* 
reassembled  lor  use. 

2.  Direction  of  the  slots  (".M'”’  Type): 

The  direction  of  the  slots  in  the  ".AK”  engaging 
plate  has  no  effect  on  the  triiipiiig  action  of  the 
torque  limiter.  The  .Autogard  will  trip  in  Ixith  direct- 
ions no  matter  which  way  the  slots  point.  The 
directions  of  the  slots  can  he  imiiortant  in  resetting 
when  neither  side  of  the  drive  can  Ik*  manually 
advanced  or  can  lx*  advanced  in  one  direction  only. 
A simple  IxMich  test  will  show  the  pmper  assembly 
for  a particular  dnve.  If  a Ix’iich  lest  is  not  feasible, 
figiiiv  ()  will  show  iiroiier  assemblies. 


TABLE  3 


•1.  Proper  spring: 

Check  to  see  that  the  spring  will  provide  the  desired  range  to 
release  torque  (Table  4).  DO  NOT  TIGHTEN  THE  SPRING 
BEYOND  ITS  MINIMUM  OPERATING  LENGTH  (with  the 
torque  limiter  engaged)  or  the  spring  will  not  allow  sufficient 
movement  of  the  slide  plate  to  let  the  balls  leave  their  seats 
during  an  overload.  Damage  to  the  machinery  or  to  the 
Autogard  will  result. 


TABLE  2 


RECOMMENDED  HOLE  PATTERNS  ARE  AS  FOLLOWS: 


30 


TABLE  4 


SPRING 

TORQUE  RANGE 

MIN.  OPERATING  LENGTH 

TYPE 

CODE 

COLOR 

QTY, 

STACK  AS 

LB.  IP. 

KG.M. 

IN. 

MM. 

coil 

lC/1 

white  & red 

1 

fig.  7 

20-250 

.23  - 2.8 

.95 

24.2 

1 

coil 

lC/2 

white  & green 

1 

fig.  7 

.12  - 1.4 

.93 

23.6 

coil 

lC/3 

white  & yellow 

1 

fig.  7 

5-60 

.06  - .69 

.74 

18.8 

m 

blue  & black 

6 

500-2000 

5.7  - 23 

■jSH 

25.4 

2 

mm 

blue  & red 

1 

120^50 

1.4  - 7.5 

27.8 

Hh 

blue  & green 

1 

50-400 

.57  - 4.6 

26.9 

■I 

2C/3 

blue  & yellow 

1 

■ a 

20-130 

.23  - 1.4 

■H 

24.9 

■■ 

3D/1/D 

brown  & black 

fig.  10 

1400-6000 

16.1-69 

1.15 

29.4 

■S9 

3D/1/S 

brown  & black 

fig.  8 

600-3600 

6.3  - 41 

.88 

22.3 

3 

coil 

3C/1 

brown  & red 

1 

fig.  7 

400-2500 

4.6  ‘ 28 

1.55 

39.7 

coil 

3C/2 

brown  & green 

1 

fig.  7 

100-1200 

1,1  • 13 

1.49 

38.0 

coil 

3C/3 

brown  & yellow 

1 

fig.  7 

40-500 

.46  - 5.7 

1.46 

37.1 

disc 

40/1/S 

orange  & black 

fig.  9 

2400-10,000 

27-115 

1.25 

31.8 

4 

disc 

4D/2/S 

orange 

fig.  8 

1200-7500 

13.8  - 86 

1.28 

32.5 

coil 

4C/1 

orange  & red 

1 

fig.  7 

250-2800 

2.9  - 32 

2.00 

50.8 

5D/1/S 

grey  & black 

HQji 

5500-22,500 

63  - 259 

2.38 

■■ 

5 

50/2/S 

grey 

3000-20,000 

34  - 230 

1.97 

coil 

5C/1 

grey  & red 

1 

350-3100 

4-35 

1.75 

44.5 

FIG.  7 


FIG.  B 


FIG.  9 


.").  {'nlilmitioii  siNu-crs: 

Calilmition  siKiccrs  perform  two  fiiiu-tioiis: 

A.  Maintain  jiroixT  starkiiif'  of  disr  springs. 

H.  I’n'Vi'iit  nnanlliori/.rii  tii'hlcnini;  of  llii*  ailjnsliiiK 
lint. 

Caliliralion  sixicers  are  norinally  sii|i|ilie(l  in 
several  .•eKments  lo  allow  upward  adjastiiicnl 


FIG.  10 


of  the  unit  in  the  field.  Tlie  Uilloni  sei;imMil 
is  for  the  niinminii  leii;;tli  of  the  spring:  U-ini’ 
nsi’d.  This  semiu*nt  should  not  U*  removed. 
If  a liiuher  release  lonpie  is  re(|iiire<l.  use  a 
slronner  spring.  l ints  shipjH'd  from  the  l:uior\, 
set  at  a s|H’i'ified  itonpie,  have  spacers  which 
will  allow  adjiislmeiil  to  alioiit  12V'..  of  the  set 
toripie  U'fore  removal  of  semnents  Ix-comes 
necessary. 


().  Lubrication: 

Till'  iKH'dIc  lnuiriiif',  plate  laces  and  lialls  should 
Ik*  well  lubricated  with  a KO‘>d  Kr«>de  ^roase, 
equivalent  to  specirication  MlL-t!-.T)45-l:L‘ 

A Kroase  nipple  is  provided  on  units  larger  than 
si/e  1 to  allow  {'reasinj'  of  the  needle  bearincs. 
SAL  .K)  oil  is  to  Ik*  used  on  si/.e  1 which  has  an 
uiliiif'  hole  insU*ad  of  a nipple. 


MODELS  203  * , 204,  205,  206N 
FIGS.  11,  12,  13,  & 14  Below 

Mount  the  torque  limiter  hubs  to  the  shafts  same  as  per 
instructions  for  models  201  & 202  on  this  page.  Table  7 
shows  the  maximum  allowable  misalignment  for 
optimum  unit  life.  See  pg.  2 for  parts  list.  Parts 
numbered  1-11  are  same  for  all  models. 


INSTALLATION 

1 Models  201  & 202 
Figs.  4 & 5.  Pg.  2 

MOUNTING  THE  AUTOGARO  TORQUE  LIMITER  ON 
THE  SHAFT 

Mount  the  torque  limiter  by  engaging  the  hub  on  the  shaft. 
The  unit  may  be  moved  axially  on  the  shaft  to  a degree  to 
obtain  proper  alignment  of  the  sprocket  or  sheave  with  the 
chain  or  belt.  The  minimum  acceptable  shaft  engagement  is 
l'/t>  times  the  shaft  diameter.  Tighten  the  set  screws  fully. 
Recommended  torque  values  for  set  screws  are  shown  in 
Table  5. 

See  pg.  2 for  parts  list. 


TABLE  6 


Modal  Sit* 

Allowoblo  Allowobto 

Angular  Forollol 

Mitolignmoni  Mltollgnmonl 

303*  1-5 

0 0 

204  1-5 

0 0 

20S  1 

.S  dog.  0 

3 

.5  dog.  0 

3 

.5  dog.  n 

4 

.5  dog.  0 

4 

.S  dog.  0 

5 

.S  dog.  0 

204N  1 

,4Jog.  .016" 

2 

.4  dog.  .016" 

Gap  bolwoon 
hub  and 
adaptor 

Mtn. 

Max. 

S/64" 

5/64" 

5/3r 

5/32" 

1/4" 

5/16" 

SETSCREW 

SIZE 


SEATING 


1 '4 

5 16 

3 ’8 

7 16 

1 7 

87 

165 

290 

430 

620 

I _i  MOOIl  303 
K FIG.  II 


MOOEl  204 
FIG,  12 


MOOfl  205 
FIG.  13 


MODEL  204N 
FIG.  14 


• For  model  203  the  driven  member  is  supplied  by  customer. 
If  used  for  offset  drive  the  pulley,  gear,  elc.  must  be  mounted 
on  iu  own  bearing. 


LIMIT  SWITCH  OPERATION: 

Limit  switches  are  easily  used  to  give  a warning  or  shut  down 
a drive  in  the  event  of  a torque  overload.  The  limit  switch  is 
actuated  by  the  movement  of  the  slide  plate  (or  the  limit 
switch  plate  when  used).  See  Table  7 for  guidelines.  Always 
use  limit  switch  with  “AC”  and  “ACn”’  types. 


Pilot  Light  or  Warning  Device 





To  Power  Source 


FIG.  11 


Limit  Switch 


Movement 

Bell  plete 

Piste 

on  breek  'X' 

die.  ‘O' 

die.  'E' 

(inches  mm) 

(inches  mm) 

(inches  mm) 

•095 

2 

3i 

2-4 

51 

83 

•173 

3i 

5i 

4-4 

89 

140 

•173 

4* 

6i 

4-4 

108 

165 

209 

61 

8 

53 

149 

203 

248 

8 

10 

63 

203 

254 

TABLE  7 


, Motor  Starter  Coil 


Pilot  Light  or  Warning  Device 


To  Power  Source 


Stop  P.B.  Switch 


Start  P.B. 


Coil  Holding  Interlock 


RATING 


FIG.  12 


MANUFACTURER 

CATALOG  NO. 

VOLTS  AC 

MAX. 

AMPS 

MAX. 

ENCLOSURE 

CONTACT 

TYPE 

ALLEN  BRADLEY 

802R-DP 

250 

5 

NEMA  12 

SPOT 

ALLEN  BRADLEY 

802T-D 

600 

10 

NEMA  12 

SPOT 

GENERAL  ELECTRIC 

CR9440  KlMl 

600 

10 

NEMA  12 

SPOT 

GENERAL  ELECTRIC 

HO  1308 

S75 

10 

NEMA  12 

SPOT 

MICRO-SWITCH 

5LSI 

480 

10 

NEMA  4 

SPOT 

MICRO-SWITCH 

15LS1 

240 

10 

NEMA  4 

OPOT 

MICRO-SWITCH 

B.TE6-2RN80 

480 

15 

NEMA  2 

SPOT 

MICRO-SWITCH 

OP-AR30 

480 

15 

NEMA  4 

SPOT 

MICRO-SWITCH 

EX-AR30 

480 

15 

NEMA  9 

SPOT 

MICRO-SWITCH 

205LS1  (PLUG  INt 

480 

10 

NEMA  4 

SPOT 

ALLEN  BRADLEY 

802-PASJ203 

600 

5 

OPEN 

SPOT 

GENERAL  ELECTRIC 

CRI1SJB0201 

575 

10 

OPEN 

SPOT 

MICRO-SWITCH 

BZEG-2RQ8 

480 

15 

OPEN 

SPOT 

MICRO-SWITCH 

BZ-RW922T 

480 

10 

OPEN 

SPOT 

MICRO-SWITCH 

BZ-2RQ18T 

480 

15 

OPEN 

SPOT 

CUTLER-HAMMER 

SS12ET10-102L3 

250 

15 

OPEN 

SPOT 

CUTLER-HAMMER 

SS12BT10-102L3 

250 

10 

OPEN 

SPOT 

CHERRY 

E23-OOK 

250 

5 

OPEN 

SPOT 

CHERRY 

E.33-OOK 

250 

10 

OPEN 

SPOT 

CHERRY 

E34(X)K 

250 

15 

OPEN 

SPOT 

INITIAL  STARTUP 

E^rior  U)  startup,  oxamino  unit  to  assure*  it  is  uiiKaKcd, 
i.e.,  Ixills  are  seated  fully  in  lx)tli  plates.  When  fully 
engaged,  dimension  Ixjtween  the  drive  plate  and  slide 
plate  is  |)er  Table  1. 


01)tain  the  initial  tonpie  setting  by  one  of  the  follow- 
ing metliods: 

1.  Setting  torque  with  unit  installed: 

Start  up  tlie  drive  with  a low  torque  setting 
and  progressively  tighten  the  adjusting  nut 
until  the  unit  will  start  and  drive  under  nonmil 
load  without  tripping.  I^eak  starting  torque  is 
usually  the  highest  torque  which  the  torque 
limiter  must  transmit,  but  occasionally  the 
torque  limiter  must  lx*  set  to  acconinuKlate 
higher  |x.*ak  torques. 


ly  vi*rtieal  or  the  reading  will  be  affecU'd  by  the 
anil  weight,  (’arefully  note*  the  load  on  the 
spring  scale  at  which  the  unit  trips,  'file 
coires|)onding  tor(|Ue  is  this  load  multiplied  b> 
the  length  of  the  ann  ("L”)  measured  to  the 
point  of  inill.  .Adjust  tlu*  position  of  the  adjust- 
ing nut  until  the  coirect  torque  setting  is 
reaihed.  Do  not  confusi*  lb.  inchi*s  and  lb.  feet. 
When  working  in  lb.  inches  it  is  convenient  U) 
make  the  ann  10”  .so  that  the  load  in  pounds 
X 10  = torque  in  lb.  inches.  Similarly,  when 
working  in  lb.  feet,  an  arm  of  1 foot  will  give 
a spring  scale  reading  diri*ctly  in  lb.  feet 
(i.e.  load  x 1). 

Tor  high  torque  on  the  larger  units  a longer 
arm  will  Ik*  necessary  to  avoid  excessively 
high  spring  scale  loads.  EAir  example,  2,0(X)  lb. 
inches  would  rwjuin*  200  lb.  load  on  a 10  inch 
ann,  Ixit  only  50  lb.  on  a 10  inch  arm. 


2.  Testing  with  spring  scale  and  lever  arm  (may 
be  done  on  a lK*iich  or  atk*r  unit  is  mounU*d  in 
drive). 

If  the  unit  is  moimU*d,  Ik*  certain  Unit  one  siik* 
of  the  limiter  or  drive  is  disconnected  and 
free  to  rotate.  The  other  side  must  Ik*  held 
sUitionaty.  An  e.xample  of  a lK*nch  te.sl  is  shown 
in  figure  15.  The  spring  scale  is  pulled  until 
the  unit  tri|)s.  Take  care  to  maintain  a slow 
steady  pull,  keeping  the  pull  on  the  spring  scale 
at  90'  to  the  arm,  and  keep  the  ann  approximate- 


5.  Unit  set  at  factory: 

When  a torque  setting  is  specified  in  the  order, 
the  unit  is  set  at  the  factory  within  ilO".’..  If 
the  unit  must  Ik*  disassembled,  note  the  siiring 
comprt*ssed  length  prior  to  disassembly  and 
adjust  to  that  length  upon  reasswnbly  to  oUain 
the  desirt*d  tonjue. 


CAUTION:  Do  not  tighU*n  spring  iKVond  its 
minimum  o|K*rating  length.  .Si*e  Table  4. 


TESTING  & TORQUE  SETTING 


PULL  SMOOTHLY  IN  OtRECTION 
OF  ARROW,  NOTING  THE  LOAD  AT 
THE  INSTANT  THE  LEVER  GIVES. 


I * I • I • I • I ’ I • I 





LOAD  IN  LBS. 


ADJUST  NUT  TO  GIVE 
CORRECT  torque’s  SETTING 


DUMMY  SHAFT  WELDED  TO  ARM  z' 


VICE  JAWS 


FIG.  13 
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RESETTING  PROCEDURE 

1.  Sliiit  down  (liivo. 

2.  lnvi‘stitiaU“  and  lomovc  i-anso  of  ovoiload  or  jam. 
:{.  Ui'sft: 

A.  “AF"  Type 

Rotate  either. sideof  the  drive  until  a slot  on  edge  of  the 
engaging  plate  aligns  with  a slot  in  the  drive  plate,  and 
lock  those  two  plates  in  this  position  with  a bar  in  the 
slots  (fig.  14). 


Nolo  tliiit  tlioso  slot.';  aro  not  to  Ik*  oonfiiNotl  with 
tho.so  in  wliici)  tho  balls  ran.  Furtlior  n>tatioii  of 
oitlior  sido  of  tho  drivo  appm.simatoU  HI)  dogroos 
will  give  ongiigomont  if  tho  oorroot  din>oti(«i  of 
rotation  is  soh-otod,  (soo  Oirootion  of  Slots) 
and  Ixills  can  Ik*  hoard  to  ro-ongagi'  with  thoir 
soiitings  (inito  distiiu-tlv.  Insnrt'  that  tho  n*.sot- 
ting  Isir  is  romovod  boforo  rosotting  tho  drivo.  To 
ohook  liill  ongagomont.  soo  'I’ahlol. 

R -AC  - Type: 

It  is  likely  that  the  unit  stopped  in  the  engaged  state. 
Rotation  of  cither  side  of  the  drive  for  a maximum  of 
240  degrees  will  re-engage  the  unit.  To  check  full 
engagement,  see  Table  t. 

C.  "AfT  - Type 

Rotation  of  cither  side  of  the  drive  for  a maximum  of 
720  degrees  will  re-engage  the  unit.  To  check  full 
engagement,  see  Table  I. 


DISASSEMBLY  PROCEDURE 

.NOTl-',:  Moasiiri'  sjiring  longth  is-loro  (iisassi‘ini)l,\. 

.\.  With  spring  ond  np  romovo  adjusting  nut, 
spring,  spaoors.  limit  switch  plate,  slido 
plato,  oiigagiug  plate  & balls. 

B.  (Icnitly  driv(>  pins  Irom  adaptor  & driu-  plati-. 

('.  Romovo  i-ap  screws  and  gontl\  work  driv<- 
plati‘  over  spline  so  as  not  to  damage 
Ix-aring  material  on  l.|).  of  plato. 

I).  Romovo  ada|)tor  can-fully  so  as  not  to  dam- 
age iH-aring  ".■ati'rial  on  I.I). 

K.  Inspect  tiu’  iK-ariug  surt  ices  ixior  to  ro- 
ass(‘inbly  and  carofiilly  blond  out  anv 
scnitchos. 

!•'.  .\p|)ly  a lilsTal  coating  of  a gisid  grade 
machine  oil  IS.-VK  .‘ID)  to  tin-  I.I).  of  tin- 
adaptor  or  dri\o  filato  and  engaging  or  cage 
plato  prior  to  roassombl.v. 

(1.  For  rc-assombly,  reworso  stoji>  ,\  thru  I). 


NORMAL  MAINTENANCE 

'Hu*  antogaril  tonpio  limiter  should  lx-  greased  regular- 
ly when  tho  oipiipim'iit  im  which  it  is  monntoil  is 
nuiintainod.  Maximum  time  U'twi'on  ins|M'ction  and 
maintenance  is  2tHX)  hours  o|H-nition  or  after  each 
tlisongagoim'iit,  whichever  is  sot>nc-r.  For  unusual 
conditions,  such  as  very  high  RFM,  high  ambient 
tem|M>ratures,  high  viliratiou  or  dirty  environments, 
special  maintenance  may  lx-  reipiired. 

lns|H*ct  li>r  spnicket  wear,  tiglitnes-'  of  limit(*r  on  its 
.shaft,  tightiu'ss  of  >pnickct.  eti-.  at  tlii-  time. 
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TABLE  8 


PKOBLEM 


Autog-ifd  v;ill  not  drive 


One  or  more  b.ills  mil  not 
reset  on  "Ar"  b.iil  type  or 
one  or  mote  b.iMs  v/ili  not  Ic.ivc 
b.ill  sc.1t. 


PAOBABLE  CAUSE 

Kiichine  |.immed 


Torriiic  scltmK  to  low 


Improper  number  ol 


balls. 


COKRECTIVE  ACTION 


C.irelully  inspect  m.ichine  lor  signs  of  |.imming,  .ind  cle.ir. 

Incre.ise  toiqv-c  setting  by  lightening  .rtiusling  nut, 
removing  c.ilibr.ilion  sp.icer  segments  .is  ncccss.uy.  Do 
I'Pt  tighten  beyix-id  minimum  spring  length  ;see  t.ibic  4'-. 
Use  stronger  spring  or  Kirger  sire  units  it  neccss.ity. 

Check  the  nu.mbcf  ol  b.ills  in  the  unit  .ig.imst  t.itie  3. 


Insufficient 


spring 


preSMxe 


Check  to  be  cert.nn  lh.il  spring  is  not  comiilelely  loose 
vdien  Autog.ird  is  eng.iged.  If  so,  use  •.•.c.ike:  spring  or 
smaller  size  Autog.ird. 

If  6 b.ills  .ire  being  used  iwith  disc  sisings>,  tiv  i.-i- 
cre.ising  torque  by  I m 2 turns.  If  this  ccrrccts  iwofcie.m, 
rcdtxc  number  of  b.ills  to  3.  If  (xofclem  continues,  ■.•.•,ii|icd 
pl.itc  could  be  responsible. 


Dfill  not  rol.ilc  freely 
discng.igcd. 


■.-.hen 


Warped  pl.ite 


same  as  msutlicient  Sixmg  ivessixe. 


L.KkS  liibiic.i|ion 


Sliglil  ecceiitricitv  of  intenul 
bc.iimg  suif.rccs. 

Scratch  on  iitlniMr  bc.'.nngs. 


Replace  pl.ilc.  To  confirm  tlwt  pl.itc  is  --..uped,  insiirct 
f.KCS  v.hcic  b.ills  cont.irt.  B.1II  p.ilh  should  be  vsiMe, 
but  shov'd  net  tuve  .ippicci.ibic  depth.  Sinf.rres  of  |.l.!le 
tr.  be  flat  v.illini  .Qfl2  T.I.R. 

Uubiir.ite  wilh  gie.ise  cqinv.i'rnl  to  ipecilif.rtion  MlL- 
G-3!i4'.-lj.  A goot!  grade  nwhine  e.il  ran  br  .ippiie-d 
to  IlH-  hid-  to  .-.oik  into  llv  tesin  1-0.-^1011  t-e.t>-ng. 

Lubricate  •.-.r-It  .ind  rotate  huh  iltiin  unit  foi  2*10  io  .100 
tr-.roliit!Ons. 


Disassemble  and  inspect.  C.ue!iil!v  hie.nl  out  any  hlrmish- 
cs.  Liiftncalc  well  upon  leasscml-iv. 


Ferguson  Machine  Rite-Torq  Torque  Lijftitftr,  Ref,  Fig.  #8 


Rite-Torq  offers  a newly  developed  mechanical  torque 
limiter  which  is  a takeoff  from  their  AS»20  light  duty 
unit,  using  the  same  basic  principle  of  torque  transmittal, 
with  a greater  range. 


The  basic  unit  selected  for  this  application  is  a Type 
”S"  Size  2 unit  which  resets  automatically  with  a torque 
range  up  to  520  Lb.  In.  and  is  externally  adjustable. 


With  the  tripping  components  made  from  heat  treated 
chromium  alloy  steel,  standard  units  have  been  subjected 
to  50,000  trip  cycles  under  design  loading  with  negligible 
wear. 


Other  features  included  in  the  standard  basic  unit  are, 

(a)  Bi-directional  operation 

(b)  All  position  mounting 

(c)  Fully  enclosed 

(d)  Lubed  for  life 

(e)  Protected  against  corrosion 

(f)  Setting  accuracy  t 5% 

(g)  Locking  ring  tab  for  maintaining  setting 

(h)  Limit  switch  operation  up  to  2000  RPM 

When  a limit  switch  is  used  with  a totally  enclosed  unit, 
a trip  plate  must  be  added  to  provide  clearance  for  the 
limit  switch  actuating  arm  and  the  spring  cover. 
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4.7.6 


4.7.7 


4.7.8 


4.7.9 


The  clutch  half  '■;-£  the  unit  has  a maximum  1 1/8"  bore 
and  will  require  an  adapter  to  accomodate  the  motor 
bore  sizes  of  1 5/8”  and  1 7/8”.  The  coupling  half  of 
the  unit  must  be  a flexible  type  to  allow  for  shaft 
misalignment  and  also  provide  for  a 2”  maximum  shaft 
size  on  the  reducer.  Figure  9 shows  a roller  chain 
flexible  coupling  mounted  to  the  torque  limiter,  however, 
any  type  of  flexible  coupling  may  be  used. 

The  manual  reset  pin  (5)  shown  in  Figure  8 is  an  added 
feature,  making  the  unit  more  versatile.  However,  it  is 
not  considered  to  be  a requirement  on  this  application. 

The  setting  torque  accuracy  is  possible  on  request,  by 
supplying  each  unit  with  an  indicator  plate  or  sending 
chart  which  allows  the  release  torque  to  be  set  on  site 
to  any  value  within  the  unit's  range  with  an  accuracy  of 
± 5%. 

According  to  Rite-Torq,  the  ratcheting  effect  of  the 
detented  balls  on  disengagement  has  negligible  wear  on 
the  tripping  components  and  will  reset  under  motor  enertia 
when  it  becomes  lower  than  the  overload  trip  setting. 

The  stopping  time  will  be  less  than  a free  rotating 
motor  due  to  the  braking  action  of  the  torque  limiter 
resetting  or  ratcheting. 
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iVlECHA^iCAL  OVERL 

INSTANT  RESPONSE, 

COMPLETE  DEPENDABILITY 

The  RiteTorq  overload  clutch  protects  your  machine  from 
damage  by  terminating  power  almost  instantaneously  when  an 
overload-causing  jam  creates  torque  in  excess  of  set  limits. 

When  the  jam  .5  cleared  the  Rite  Torq  resets  automatically  to 
resume  operation,  thus  it  is  ideal  for  remote  or  inaccessible 
installations 

Completely  mechanical,  the  Rite-Torq  maintains  the  precisely 
set  tripping  point  regardless  of  speed,  number  of  trips  or 
ambient  temperatures.  Although  you  may  specify  a factory  set 
tripping  torque  and  never  have  occasion  to  change  it,  simple 
external  adjustments  can  be  made  if  desired  to  afford  a wide 
range  of  torque  protection. 

MAINTENANCE-FREE 

The  Rite-Torq  does  not  rely  upon  friction  surfaces  for  its  operating 
principle.  Rite-1urq  safety  clutches  transmit  .motion  through 
balls  retained  In  seats  between  driving  and  driven  hubs.  During 
an  overload  the  hubs  separate  sufficiently  to  allow  balls  to  roll 
from  seat  to  seat  under  positively  controlled  pressure.  With 
only  rolling  friction  present,  the  Rite-Torq  is  subject  to  virtually 
no  wear.  Its  rugged  cast  housing  is  sealed  by  0-rings  against 
abrasive  substances  and  moisture.  Except  in  unusual  circum 
stances,  original  factory  lubrication  need  not  be  replenished. 


\0  CLUTCH  POR  PRECIS 
.AUTOMATIC  RESET. 

EASILY  INSTALLED 

Each  size  unit  has  a nominal  torque  rating  with  a range  of 
adjustments  to  approximately  50%  above  or  50%  below. 

Ideally,  tripping  torque  should  be  at  least  40%  greater  than 
operating  torque;  "tripping  torque"  being  the  maximum  torque 
load  belov/  which  the  Rite-Torq  will  transmit  power  without 
disengaging. 

Preferred  location  for  mounting  a Rite-Torq  is  between  the  low 
speed  side  of  the  reducer  and  the  driven  machine  or  mecha- 
nism. Under  adverse  conditions  caused  by  vibratory,  intermit- 
tent or  reversing  loads  we  recommend  that  you  consult  a 
Ferguson  representative  or  distributor  for  applications  assist- 
ance. 


FOR  CHAIN,  BELT  AND  DRIVEN  MACHINES 

There  are  nine  models  for  either  sprocket  (Type  C)  or  coupling 
(Type  S)  mounting  to  provide  tripping  torques  from  65  to 
52,000  inch-pounds.  They  are  furnished  with  stock  bore  diame- 
ters. Other  bore  diameters  may  be  specified  at  a slight  ad- 
ditional charge  (See  dimensional  table). 

SINGLE  POSITIONING 

Any  of  the  models  may  be  ordered  with  an  optional  single 
positioning  feature  which  acts  as  a phasing  mechanism  to 
insure  that  your  machine  resumes  cycling  when  the  jam  is 
cleared  at  the  precise  point  where  the  interruption  occured. 
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TRIP  TORQUE  (In.-Lbs.)  | 

MAX.  RPMt 

NO. 

NOM.* 

MIN. 

MAX. 

WITH  LIMIT 
SWITCH 

OF 

BALLS 

130 

65 

195 

1800 

31 

270 

135 

450 

1800 

28 

800 

400 

1670 

1800 

36 

1620 

825 

2440 

1800 

44 

2170 

1100 

3125 

1200 

42 

4335 

2200 

6760 

1200 

45 

12945 

6450 

20700 

900 

40 

17240 

8700 

26500 

900 

44 

34680 

17000 

52000 

500 

42 

BORE  DIAMETER  (Inches)  +.001  -.000 


AS-20 


AS-30 


• AM-60 


• AM-120 


AS-250 


AS-500 


• AM-1000 


AS-2000 


AS-4000 


* Factory  trip  setting  unless  otherwise  specified, 
t Singie  positioning  units  have  maximum  speed  of  100  RPM  and  require  limit  switch  — consuit  factory  for  higher  speeds. 

• AM  Couplings  are  interchangeable  dimensionally  with  AS  Couplings  having  the  same  numerical  designations  but  minimum  and  maximum 
tripping  torques  are  approximately  50  percent  greater.  Lower  tripping  torques  can  be  provided  at  slight  additional  charge. 


STANDARD  KEYWAY  DIMENSIONS 


BORE  DIA. 
>r6m  1 TO 

KEYWAY 

BORE  DIA. 
FROM  { TO 

KEYWAY 

.500 

.563 

1/8  X 1/16 

1.813 

2.250 

12x1/4 

.625 

.875 

3/ 16  X 3 32 

2.313 

2.750 

5 8 X 5 16 

.938 

1.250 

1 4 X 1,  8 

2.8P 

3.250 

3 4x38 

1.313 

1.375 

5/16  X 5 32 

3.313 

3.750 

7 8 X 7'16 

1.438 

1.750 

3/8  X 3/16 

3.813 

4.500 

1 X 1/2 

WHEN  ORDERING 

Specify  Model  number,  Type  S or  Type  C,  bore  dimenjions  and 
torque  setting  and  indicate  if  optional  single  positioning  is 
required. 

TO  r-ETERMiN-;  TORQUE 

Torque(ln.-Lbs.)  x RPM  HP  x 63025 

iiSiT  OR:Torque(ln.-Lbs.)  ~ 


r'in 


■n  TRiPPiryo  torques  frokv!  135  to  52,000  ir\i.-Les. 


TYPE  S'COUPLINO  MOUNTINO 


TYPE  C-BPPOCKET  MOUNTINB 


INPUT 

(DRIVING) 


OUTPUT 

(DRIVEN) 


INPUT 

(DRIVING) 


OUTPUT 

(DRIVEN) 

/ ALTERNATE  SET 
COLUR 


K-D  MOVEMENT 


■OLTi 


SEE  NOTE 

NOTE:  If  arrester  bolt  and  washer  (supplied  by  customer)  cannot  be  used  on  Type  C model  install  a set  collar  next  to  driving  hub  to 
prevent  axial  movement. 


DIMENSIONS 

"0"  Is  travel  distance  for  limit  switch  actuation;  for  single  positioning,  couplings  use  D/2  (see  back  page).  Special  hub  diam- 
eters between  standard  (max.)  and  minimum  can  be  provided  at  slight  additional  charge.  "K"  is  keyway  dimension.  A flat  key 
meeting  standard  sprocket  requirements  is  included. 


l(+.0« 

1 -.001) 

STD. 

SPEC. 

(MAX.) 

(MIN.) 

1.75 

1.56 

2.00 

1.75 

2.12 

1.95 

2.75 

2.50 

3.56 

3.19 

4.12 

3i)S 

5.12 

4.50 

6.69 

5.88 

IxK* 


m X »4 


MODEL  AS-20  FOR  LIGHT  DUTY  MACHINES 

LIMIT  SWITCH  ACTUATING  DISC  IS  AVAILABLE. 


.13  TRAVEL~J|- 


MAXIMUM 

ADJUSTMENT 


AS-20C  FOR 
SPROCRH  MT6. 


AS  -20S  FOR 
COUPLING  MTS. 


* The  standard  hub  diameter  (J  Dimension)  for  the  Model 
AS-20  is  1.75  incher.  Othor  hub  diameters  from  1.44  to  7 00 
Inches  may  be  orde  ed  for  a slight  additional  charge. 


SINGLE  POSITiONiNG 

Rotating  motion  it  tranimitted  by  a saries  of  spring  loaded 
hardened  steel  balls  (1)  retained  in  spherical  saats  between  a 
driving  (2)  and  a drivtn  (3)  hub.  If  load  on  the  machine  ex- 
ceeds set  limits  for  which  spring  pressure  (4)  has  been 
established,  springs  compress  (5).  allowing  the  hubs  to  part 
BUfficiantly  for  the  balls  to  roll  over  ridges  from  seat  to  seat 
(6),  thus  terminating  the  rigid  connection  between  the  hubs. 

Driving  hub  continues  to  rotate  but  the  driven  hub  stops. 

Balls  reseat  when  load  drops  to  normal  and  lock  the  hubs 
together  to  resume  transmission  of  power. 

An  optional  single  positioning  feature  (7)  insures  that  balls 
return  only  to  their  original  seats  so  that  machine  cycle  begins 
at  the  exact  point  where  disruption  occurred.  Rite-Torqs  with 
this  feature  normally  have  a maximum  speed  of  100  RPM  and 
require  a limit  switch  (See  back  page).  Consult  factory  if  higher 
operating  speeds  are  desired. 


fO  STOP  r/iOTOR 

At  instant  of  overload  there  is  an  axial  displacement  {‘‘D” 
movement  in  dimensional  drawings  and  table)  of  the  driving 
hub.  It  is  this  movement  which  creates  the  clearance  between 
the  hubs  that  allows  passage  of  the  balls  from  seat  to  seat. 
The  displacement  may  be  employed  to  actuate  a limit  switch 
to  stop  the  power  supply.  The  photo  shows  a typical  installa- 
tion with  a Type  C Rite-Torq.  A similar  arrangement  is  feasible 
with  the  Type  S models. 

in  oi'iiitiO';  ti  T '.:i‘  -iy  ti"  -"i.t  s.-.  t '• 
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Mechanical 
Torque  Limiter 
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Mechanical  Torque  Limiter 
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The  David  Brown  Torque  Limiter  provides  dependable 
protection  for  driving  and  driven  machinery  accurately, 
tripping  whenever  the  preset  torque  is  exceeded  regardless 
of  rotational  speed. 

No  slip  drive  below  tripping  torque.  Operates  at  speeds 
up  to  2,000  rpm  in  either  direction  and  may  be  mounted 
in  any  position. 

Design  based  on  standard  electric  motor  shaft 
extensions  allows  input  hub  fitting  to  electric  motors, 
gearbox  shafts  and  all  driving  machinery  via  chains,  vee 
belts  and  shafts  to  driven  machinery. 

Immediate  mechanical  action  gives  accurate  tripping 
indefinitely  with  virtually  no  maintenance.  Overcomes 
the  delay,  friction/heat  generation,  torque  variation, 
maintenance  and  resetting  problems  associated  with 
electrical  devices,  shear  pins  and  slip  clutches. 

For  long  starting  times  (high  inertia  drives)  or  where  it  is 
desired  that  the  limiter  trips  very  close  to  the  effective 
running  torque  of  the  machine  a simple  special  feature  is 
supplied. 

Wear  resistant.  Tripping  components  are  in  heat  treated 
chromium  alloy  steel  and  standard  torque  limiters  have 
been  subjected  to  50,000  tiip  cycles  at  the  design 
torque  loading  with  negligible  wear. 


Fully  enclosed,  lubricated  for  life  unit  supplied  fully 
bored  to  suit  your  driving  shaft  and  with  vee  belt  pulley, 
chain  sprocket  or  shaft  coupling  for  immediate 
operation.  May  be  used  in  machines  fully  immersed  in 
oil  if  desired. 

The  tripping  torque  may  be  preset  before  despatch  or 
adjust^  on  site  with  a C.  spanner. 

Resetting  is  automatic  or  supplied  with  a simple  manual 
resetting  accessory. 

A wide  variety  of  versions  may  be  made  to  order  for 
particular  applications,  for  example;  single  position  re- 
engagement enabling  the  relative  angular  position  of 
driving  and  driven  hubs  to  be  maintained:  single 
direction  action,  tripping  limited  to  2 revolutions  before 
re-engagement  automatically,  and  minimal  backlash. 

May  be  used  with  a limit  switch  activated  on 
disengagement  to  cut-off  electricity  supply  to  motor. 

Every  torque  limiter  is  fully  tested  before  despatch,  and 
protected  against  corrosion  in  service 

The  relatively  low  cost  of  a David  Brown  Torque 
Limiter  will  be  more  than  recovered  in  downtime 
and  equipment  damage  savings  the  very  first  time 
there  is  an  overload. 


Selection 


The  drive  is  transmitted  from  the  hub  (1 ) to  the  driving 
ring  (2)  and  via  steel  balls  to  the  output  ring  (3).  On 
overload,  when  the  separating  force  exceeds  the  spring 
pressure  (4)  the  balls  move  out  of  their  seats  displacing  the 
driving  ring  which  will  activate  the  limit  switch  to  cut  the 
motor  supply  current  or  activate  a warning  signal.  With  the 
manual  reset  version  the  pin  (5)  prevents  the  driving  ring  (2) 
from  returning  when  the  overload  is  reduced  and  the  hub  (1 ) 
turns  freely  on  the  self  lubricated  bearing  (6)  and  thrust 
bearing  (7)  whilst  the  ouput  ring  (3)  remains  stationary. 


The  unit  is  lubricated  for  life  and  conforms  to  DIN  P.33  or 
C.E.I.  IP.44  standards  of  protection.  For  excessively  dusty  or 
adverse  atmospheric  conditions  consult  our  technical 
department. 


Specify  as  follows; — 

SpMd  Torqu* 

Size Bor*  Rang* Typ*  Setting 

till  I 

1 I I i > 

2 C H W 4 mkcj. 


Example  Specifies:— 

A size  2 Sprocket  drive  with  a 24  mm  bore  suitable  for 
operating  sp^s  of  between  500  and  2,000  rpm,  and  a 
torque  setting  of  4 mkg. 

For  the  types  M and  P add  details  of  the  output  hub  bore 
and  keyway  required. 

Add  special  features  required,  e.g.  manual  reset,  one 
position  reset,  non  standard  sprocket  etc.  To  enable  us  to 
check  your  selection,  add  details  of  the  type  of  machine 
concerned,  the  motor  characteristics  and  the  proposed 
mounting  position. 

All  units  are  uniquely  identified  by  the  size  and  serial 
number  stamped  on  the  face  of  hub  (1 ). 


For  the  majority  of  applications  select 
the  torque  limiter  with  a maximum  tripping 
torque  at  least  equal  to  2 the  normal 
transmitted  torque  at  the  point  of  mount- 
ing. The  chosen  mounting  position  should 
be  as  near  to  the  expected  overload  as 
possible. 

With  motor  speed  applications  inertia 
forces  are  involved  which  vary  with  the 
type  of  motor  and  methods  of  starting 
u^.  In  particular  the  limiter  has  to  be  set 
such  that  it  does  not  trip  at  start  or  under 
slow  deceleration  conditions  but  that  it 
does  trip  under  stall  conditions.  For  further 
details  consult  technical  sales  sheet  No. 
370.  David  Brown  trained  engineers  are 
available  throughout  the  world  to  advise 
on  specific  applications. 

For  variable  or  multi -speed  drives:— 

Mount  the  Torque  Limiter  between 
driven  motor  and  reduction  gear  where  the 
same  H.P.  is  required  at  the  different 
speeds  (constant  H.P.).  Mount  theTorque 
Limiter  Iretwcen  the  reduction  gear  output 
shaft  and  the  driven  machine  where  the 
H.P.  varies  in  relation  to  the  speed 
(constant  torque). 


To  que  (mkg.) 


H.P.  • 716 
rpm 


Ttippim  Mkg. 


Mw. 

Mn. 

Mm. 

Sfmis 

S|Wi4s 
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> — ■ — 
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Imitii 

WtighlRg  8wcSin* 

all.SSOfgm 

Swing 

|H| 

ID 
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mm 

HP 
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42 
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48 

25 

C 

0 
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MO 

48 

55 

30 

35 
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55 
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F 

no 

50  4 

*lJnfrss  othrfiKiu'  sprtufm/ 
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Specification 


The  release  torque  is  normally  factory  set 
at  the  minimum  value.  To  adjust  the  setting 
with  the  limiter  installed  in  position,  the 
adjusting  ring  should  be  screwed  pro- 
gressively clockwise  using  a C.  spanner 
until  the  drive  operates  normally  without 
the  limiter  tripping.  The  ring  should  then  be 
locked  in  position  with  the  locking  ring  tab. 

Alternatively  the  torque  limiter  may  be 
supplied  accurately  preset  dynamically  to 
any  desired  value. 

On  request,  torque  limiters  may  be 
supplied  with  an  indicator  plate  or  setting 
chart  allowing  the  release  torque  to  be  set 
on  site  to  any  value  within  the  range  with 
an  accuracy  of  x 5%. 


S*^ALL-.TiO 

The  standard  torque  limiter  is  supplied 
complete  with  the  limit  switch  and 

(a)  bored  and  keywayed. 

(b)  pilot  bore.  The  operations  of  boring 
and  keywaying  can  be  made 
without  dismantling,  (see  illus- 
tration below). 

or  (c)  bored  and  keywayed  to  client's 
specifications. 


This  feature  is  specified  as  standard  for  type  'H'  limiters. 

For  type  'L'  limiters  expected  to  trip  fr^uently  and  for  drives  with  long 
acceleration  times,  specify  the  single  position  re-setting. 

Axial  displacement  for  unit  switch  on  tripping  is  5, 6,  7-5,  and  10  mm  for 
sizes  1 to  4 respectively. 

^ 

A suggested  wiring  circuit  for  the  limit  switch  supplied  with  the  coupling  is 
shown  below  (see  figs.,  10, 11  and  12).  with  the  limit  switch  9 wired  in 
parallel  with  the  starter  'on*  button  14  and  in  series  with  the  starter  "lock  in  " 
contact.  This  will  enable  the  machine  operator  to  start  up  again  after  the 
overlo^  has  been  relieved,  even  if  the  coupling  has  stopped  with  the  limit 
switch  'open*.  An  alarm  system  or  relay  (to  stop  a full  line  of  motors)  is 
possible  by  use  of  a ‘double  throw'  limit  switch. 


After  fitting  to  the  electric  motor  or 
machine  shaft  it  is  only  necessary  to 
restrain  the  limiter  with  a screw  and  washer 
as  shown  on  the  dimension  pages. 


To  reset  the  manual  reset  device  after 
tripping,  first  check  that  the  motor  current 
is  switched  off.  Turn  the  screw  anti- 
clockwise 5 full  turns.  The  limiter  will  be 
heard  to  re-engage  distinctly.  Finally  turn 
the  screw  clockwise  until  fully  engaged. 


■A  Miindani  type  'S'  lorque  limilcf  with  sptciitl  extended  hub 
carrying  it  heevy  duty  sprodict  of  small  diameter  driving  a triple 
chain  d^.  The  spredtet  is  supported  on  a plain  (tearing  fitted  to 
the  machine  shaft. 
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Principal  dimensions  (mm) 
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NYLICOIM 

Flexible  coupling 

Torque:  2,03  to  47,2  mkg 
Speeds:  up  to  9,000  rpm 
Bores:  10  to  55  mm 

See  publication  E.304.1 1 


CONE^RING 

Flexible  and  rigid  couplings 

Torque:  up  to  1 9,OO0  mkg 
Speeds:  up  to  4,420  rpm 
Bores:  18  to  355  mm 
Flange  type  or  with  drum  for  a brake 

See  publication  E.304.1 8 
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GEAR  TYPE  COUPLING 

T orque:  203  to  5,420  mkg 
Speeds:  up  to  6,000  rpm 
Bores:  18  to  190  mm 

Suitable  for  heavy  duty  drives 

See  publication  E.304.24 

For  further  details  ask  for  technical  documentation  or  call  and  see 
us. 


DAVID  BROWN  SADI  S.A. 

Rue  des  Carburants  4 
B-1190  BRUXELLES  (Belgium) 

TcL-  021345  18.01  Telex:  23  199  DBS  AD!  B 

THE  DAVID  BHOWNGEAR  INDUSTRIES  U<l,  A«ociii!cil  r.oni|Mniir»  in  U K^.iswiJI.k 
in  Aii3ImI>.i.  Oclilitini.  C,i«.itlii.  Fmucc.  Inili.i.  Now.iy.  Sonlli  Alnc,i.  S|i.nn.  Swil/cil,inil 
.imlUSA 
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4.8  Formsprag  Reset  Clutch^  Reference  Fig.  #10 

4.8.1  Formsprag  clutch  type  JCB  Model  #3,  uses  the  ball  detent 
principle  with  a multiple  spring  control  torque  release 
setting. 


4.8.2  By  nesting  (2)  sets  of  springs  (a  set  of  (20)  light  and 

a set  of  (20)  heavy  springs),  a torque  range  from  7 Ft.  Lb. 
to  150  Ft.  Lb.  is  applied  to  (6)  5/16"  diameter  balls 
located  on  the  same  radius  with  a specific  spacing  which 

allows  disengagement  for  (1)  revolution  before  resetting. 
The  light  set  of  springs  when  used  by  themselves,  cover 
a range  from  7 to  40  Ft.  Lb.  The  heavy  set  of  springs 
used  separately,  have  a range  of  23  to  120  Ft.  Lb.  The 
two  sets  used  together  provide  a range  of  32  to  150  Ft. 

Lb.  torque. 


4.8.3 
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To  cover  a 3 through  10  HP  range,  the  two  sets  of  springs 
would  be  used  separately  with  the  light  set  covering  the 
lower  portion  of  the  H.P.  range,  up  through  approximately 
6 H.P.,  and  the  heavy  set  of  springs  would  use  from  there 
onto  10  H.P.  maximum. 

The  construction  is  all  steel  except  for  a plastic  plug 
located  under  the  set  screw  in  nut  #4  and  the  bronze 
Oilite  bushings. 

No  provision  is  made  for  lubrication  of  the  needle  bearing 
and  according  to  the  factory  none  is  required  for  the 
entire  unit. 
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4.8.6  Other  features  are, 

(a)  Bi-directional  operation 

(b)  All  position  mounting 

(c)  Fully  enclosed 

(d)  Setting  accuracy  ± 5% 

(e)  Automatic  self-engagement  on  restart 

(f)  Automatic  cutoff  switch  operation  (with  the  addition 
of  a tripping  plate  welded  or  brazed  to  the  housing) 

(g)  Externally  adjustable  with  no  means  other  than  a 
set  screw  for  maintaining  any  preselected  setting. 

4.8.7  A flexible  coupling  can  be  added  to  the  basic  clutch, 
same  as  the  method  shown  on  Figure  9.  Due  to  being 
somewhat  more  compact  than  other  designs, only  4"  is 
required  for  mounting  between  the  motor  and  reducer 
shaft.  With  a 1"  maximum  standard  bore,  an  adapter  is 
required  for  one  side. 
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FORMSPRAG 

FORM-GARD™ 


(TLC)  TORQUE  LIMITING  CLUTCHES 

• YEARS  OF  TROUBLE-FREE  SERVICE  • VIRTUALLY  NO  MAINTENANCE 

• REMOVE  OVERLOAD  PROBLEMS  • COMPETITIVE  FIRST  COST 


Gone  are  the  problems  associated  with  slow  reaction  electrical  overloads,  shear  pins  which  give  a wide  tor- 
que variation  and  rapidly  overheating  slip  clutches. 

Form-Gard  Torque  Limiters  will  save  you  money.  The  initial  cost  normally  is  more  than  covered  by  saving 
of  down  time  during  the  first  overload. 

A complete  engineering  service  is  available.  Let  our  Sales  Engineers  assist  you  on  your  particular  problems. 


NOTICE 


This  catalog  provides  the  required  guidance,  it  is  the  customer's  responsibility  to  apply  and  install 
the  torque  limiting  clutch  so  that  it  functions  within  the  limits  intended  by  Formsprag.  Since  proper  se- 
iKtion  and  application  is  essential  to  long  and  satisfactory  service,  it  is  important  ot  give  careful  attention 
to  the  pages  which  provide  information  on  selection,  servi:.c,  and  applications^  Any  unusual  operating 
conditions  requiring  sehfction  or  application  assistance  beyond  that  supplied  in  the  following  sections 
should  be  referred  to  the  Formsprag  Company  to  assure  that  the  correct  size  and  type  of  clutch  is  provided. 


m 
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the  professionals  in  motion 


Formsprag  Company  has  been  marketing  and  delivering  dependable,  long-lived,  precision- 
power  transmission  products  for  over  a quarter  century.  Formsprag  provides  one  of  the 
broadest  lines  of  industrial  brakes,  clutches,  couplings,  sensors  and  electronic  controls  in 
the  world.  Custom  design  capability  is  our  specially. 


Formsprag's  leadership  in  motion  control  results  from  a conscious,  day-af ter-day  striving 
lor  product  excellence  and  satisfaction  for  you,  the  customer.  Our  unequalled  Engineer- 
ing, Manufacturing  and  Marketing  team  is  at  your  disposal,  ready  and  aide  to  provide  you 
irith  exactly  the  right  product,  exactly  vrhen  you  need  it.  and  competitively  priced.  Pul 
us  to  work  for  you.  Formsi>rag.  The  company  that  isn't  satisfied  until  you  arc. 
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CONTENTS 


SECTION 


Types  JAB,  JAS,  JAP,  JAR,  JAF. 
Complete  release  - manual  reset. 

Pages  5, 6, 7 


SECTION 


Types  JCB,  JCS,  JCP.  JCR. 
Complete  release  for  one 
revolution  automatic  reset. 

Pages  8, 10 


SECTION 


TypeJrV. 

Complete  release  - 'n*nuai  reset. 
Pagan. 


APPLICATIONS 

MANUAL  RESET 

(BASIC  TYPE  JAB) 

mining  equipment,  conveyors, 
machine  toots,  woodworking 
and  paper  machinery,  pumps, 
textile  machinery,  test  rigs, 
rolling  mills,  quarrying  plant. 

Post  Office  machinery,  extruders, 
automatic  furnaces  and  ovens. 


AUTOMATIC  RESET 
(BASIC  TYPE  JCB) 

conveyors,  bake'y  equipment,  sliding 
and  folding  door  actuators,  packaging, 
bottling,  labelling  machines,  printing 
premies  and  special-purpose  machines. 


PTO  PROTECTION 
(BASIC  TYPE  JFV) 

Vehicle  PTO  drives,  vjne,  lobe, 
screw  ar)d  centrifugal  pumps  - 
vane  and  lobe  blowers. 


FEATURES  & BENEFITS 
APPLICATION  INFORMATION 
HOW  TO  SELECT  & HOW  TO  ORDER 
STANDARD  BORE  & KEYSEAT  DATA 


Pega4 


BEYOND  THE  CATALOG 

M0DIFICA110NS  & CUSTOM  DESIGNS 

Tht  wide  range  of  sites  and  capadlies  cowed  by  the  Form-Card  Caielog  line  of  dutches  will  cover  most  industrial  needs; 
however,  your  requirements  may  be  better  satisfied  by  other  than  standard  clutches.  In  many  cases  standard  dutches  can  lie 
adapted  to  your  special  use  by  a minor  modification. 


If  you  require  a custom  design,  Formsprag's  quarter  of  a cenhiry  experience  in  the  sircdalitcd  Power  Tramn-.lssion  field 
makes  available  the  depth  and  expertise  required  to  meet  your  rcrniircmenit  in  the  most  economical  way  irosstlile.  Please  leli 
us  what  your  requirements  are.  We  wiU  te  pleated  to  quolc  spedal  designs. 
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FEATURES 


Autonwtic  and  complete  disengagement  on 
overioad  is  standard  on  JA  and  JF  nwdels 


BENEFITS 


No  torque  is  transmitted,  thus  preventing 
damage  and  machine  downtime  due  to 
overload 


Easy  to  reset  because  no  spring  con\}.<ression  or 
ball  alignment  is  required.  Type  JC  available 
with  automatic  reset 


Operator  can  reset  his  own  machine,  avoiding 
production  delays 


A single  Form-Card  Type-JA  Clutch  will  function  as: 

(1)  "Dogautdi" 

(2)  Overload  Release  Clutch 


Eliminate  the  need  for  two  separate  clutches 
Reduce  system  cost  complexity  and  size 


All  metal  totally  enclosed  construction 


Longer  life  in  contaminated  environment 
Operator  safety  improved  with  endosed  springs 


Drive  torque  is  transmitted  thru  tapered  jaws 
on  aU  standard  type  J A models 


Torque  setting  accurate  within  ± 5%  is  main- 
tained indefinitdy 


Bi-directional  torque  transmission  is  standard 


Reduced  overall  length 


Multiple  springs  control  torque  release  setting 


Positive  drive  — no  slip  or  bacldash 
Timing  of  drive  system  is  aisurad. 


Accurate 

Ease  of  maintenance  is  assured  by  eliminating 
the  need  for  continuous  adjustment 

Selection  of  proper  dutch  Is  simplified 

Standard  unit  can  be  installed  on  dual  direction 
drive  system 


Reduce  the  space  required  and  the  cost  of  your  drive 
system 

Increased  dependability  of  drive 

Largw  range  of  torque  setting  is  available  to 
meet  your  specific  application 


OPTIONAL  FEATURES 


SINGLE  POSITION  RE  ENGAGEMENT 

For  use  where  timing  of  machine  is  required. 
Available  fOr  Types  J A and  JC. 


SINGLE  DIRECTION  OVERLOAD  RELEASE 
ror  ippHCsnofis  wntfv  ntsvy  pfimny  >• 
appli^.  TypeJAonly. 


LIGHT  DUTY  SPRINGS 

For  systems  requiring  very  low  torque 
levels  and  greats-  range  <ri  adjustment 
sensitivity. 


DUAL  LEVEL  TORQUE  SETTING 

For  heavy  overrunning  appNcations  which 
require  normal  release  torque  setting  in  one 
direction  and  a lower  torque  release  setting 
in  the  opposite  direction.  TypeJAonly. 


SECTION 


BASIC  MANUAL  RESET  CLUTCH 


TECHNICAL  FEATURES 


TYPE  JAB 


Complete  disengagement  on  overload  • Simple  "one  screw"  torque  adjustment  • Positive  drive  — no  slip 
Rapid  easy  reset  • Full  bi-directional  operation  • Horizontal  or  Vertical  Mounting  • Torque  setting  maintained  indefinitely 
All  metal  totally  enclosed  construction  • Release  action  can  operate  a warning  device  or  limit  switch 
Rugged  and  compact  design  • May  also  be  used  as  a lever  operated  clutch 


5 6 9 


H HOLES  J TAPPED 


yVy-  /y'  jYY  -t  tj 


^ ^ 

1 1 i -r'Ti — 5ir in 


ENGAGED 


DISENGAGED 


RELEASE  TORQUE 


DIMENSIONS  IN  INCHES  AND  MILLIMETERS 
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Note  t : Lower  riHnMe  lor i|un  cen  ttr  achieved  - Conruil  Forimprag  Company. 

Note  2:  Tolerance  on  pilot  diameter  - Comull  Formtinag  Company. 

Note  3:  Dimcniionj  "G  min."  anti  "Axial  movement  on  owerloaiT’  alto  ai>l>Iv  to  Tyi>ct  JAR,  JAF,  JASand  JAP. 

Normal  running 

The  drive  it  trantmitted  Irom  the  hub  111  through  the  iplined  ring  eil  to  a llexiWc  cou|>ling  or  can  tsuiy  a tprocket  or  pulley.  See 

12)  via  the  laiieretl  j.iwt  (3)  to  the  coupling  flange  (4).  The  jaws  are  l>aget  6 & 7. 

normally  held  together  by  tiHing  pressure  acting  through  two  angled  _ 
races  (5  anti  6)  anti  a lull  complement  of  Isallf  17)  focateilliy  a step  HC'tngagcment 

on  the  hull.  To  re-engage,  the  i.aiiercii  jaw;  arc  alinnetl  using  refei 


Disengagement 

On  overloati,  the  laperetf  jaws  arc  thrust  apart,  moving  the  siillned 
ring  12)  and  lilting  the  lialli  171  over  the  step  on  the  huts,  thus  com- 
plelcly  disengaging  the  drive,  leaving  flange  jaw  ring  |4)  free  to  ro- 
tate on  Itearing  1)0). 

Torque  adjustment 

The  release  lo>t|ue  settings  .arc  math;  by  .stijusimg  llie  conirpl  ring 
iRI  so  allering  Ihe  spring  (o'Ces.  The  mljusung  ring  is  locked  in  l>0- 
sliion  by  a nylon  plug  191  or.  il  prrlc'red,  a set  screw. 

Installation 

Clinches  can  lie  stiiHilietl  rougli  boreil  or  lioish  Isgred  anil  kcywaynl. 
The  hub  m.ay  lie  tilieil  to  either  shall  and  llie  Range  can  lie  eorinccl- 


Re-engagement 

To  re-engage,  the  t.aiiercti  jaw;  arc  aligneii  using  reference  marks  and 
the  sliding  sssemlily  is  piisheti  along  Ihc  hub  until  the  iMlIs  snap 
}>ack  inio  ihcir  original  isosilion.  This  requires  no  further  spring 
compression. 

Application 

The  clutch  can  Ite  insialleti  <n  any  thive  system,  s-alcguanling  against 
suthfen  surges  nr  gradual  tiuil|l-up  ol  toriiuc.  Mothficalions  arc  pos- 
sible In  iiroviiJe  manual  lever  uiteraiinn  ol  the  clutch  vvliile  retaining 
Ihc  Overloati  release  litalure.  Single  ilncciion  release  anil  one  im- 
snion  mesh  can  also  Ite  provnlcil.  irpi  tiiecds  altovc  1750  RPM 
consult  Fortmiirag.l 
Note: 

For  itarttculatly  tiusty  conililimis  sitch  as  cement  works  we  oiler 
tteofHcnc  seals  at  iKtsiiions  f*)  altovc.  Pie.ise  sitccily  wlien 
orilering. 


SECTION  ^ 

TYPE  JAR 


TYPE  JAB  WITH  RIGID  COUPLING 


B«3b| 


REUASC  TOROUE 


mu  I 


2Vi  I 10C0 

49  I 


iiO  I 1000 

c)  I va 


OIMCNSIONSIN  INCHES  ANO  MILLIMETERS 


, TYPE  JAB  WITH  FLEXIBLE  PIN  COUPLING 


trmWTA  - 

1X5 


NOTE:  THESE  flN  COUTLINGS  ANE  NOT 
RECOMMENDED  FOR  HEAVY  LOADING 


’V 

« Mr  M tM  f tMMS 


RELEASE  TORQUE 


I »•« 
kt*  I iir" 


DIMENSIONS  IN  WCHES  ANO  MILLIMETERS 
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SECTION  ^ 

TYPE  JCB 


BASIC  AUTOMATIC  RESET  CLUTCH 


TECHNICAL  FEATURES 


Instant  release  at  pre-set  torque  • Smooth  and  complete  disengagement  for  one  revolution 
Bi-directional  • Horizontal  or  Vertical  mounting  • All  metal,  totally  enclosed 
Automatic  self-engagement  on  restart  without  loss  of  phasing 


JCB 

MODEL 

MAXi  RELEASE  TORQUE 

DIMENSIONS  IN  INCHES  ANDMILLIMETERS 

WEIGHT 

Ibt 

kg  _ 

lb  ft 
kgm 

HP/RPM 

A B C D E F 0 QTY^NC  ^ 

1 

30 

4 

.006 

2.98  1.38  2.37  2.42  6 06  1,23  0.83  ^60  0.31 

76  35  60  62  1.5  31  16  '->1/4-20  gg  g 

3 

1.36 

3 

150 

21 

.03 

3.70  2.t3  3.44  2.56  0.06  1.33  L13  -A  ^31  0.44 

04  54  87  66  1.5  34  28  g4  p 

6.20 
2 80 

Normal  running 

The  drive  is  transmitted  between  the  hub  flange  (1 ) and  the  housing 
(2)  by  the  balls  (3),  spring-loaded  into  the  pockets  on  the  hub 
flange  face. 

Disengagement 

On  overload,  the  balls  are  displaced  axially,  further  compressing  the 
springs.  Once  out  of  their  pockets,  the  balls  roll  between  the  face 
of  the  hub  flange  and  the  needle  thrust  bearing  for  one  revolution 
before  re-engaging  and  synchronizing  the  drive. 

Torque  adjustment 

The  release  torque  is  set  by  a tightening  nut  (4)  thus  increasing  the 
spring  pressure.  After  setting,  the  nut  is  locked  with  a set  screw  and 
plug; 

Installation 

Clutches  can  be  supplied  rough  bored  or  finish  bored  and  keywayed. 
The  hub  may  be  fitted  to  either  shaft  and  should  be  located  against 
a shoulder  to  resist  the  resetting  spring  force.  (Fig.  1).  The  drive 
flange  may  be  replaced  by  a sprocket,  pulley,  etc.,  or  connected  to  a 
coupling  as  shown  on  pages  9 and  10. 

Application 

This  type  of  protection  is  ideally  suited  to  drive  systems  where  it  is 
essential  to  restart  In  the  correct  sequence  and  where  access  for  man- 
ual resetting  is  not  available. 
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Fig.  1 


Note: 

Type  JC  clutches  should  always  be  used  with  a limit  switch  to  bring 
the  drive  to  rest  within  a few  revolutions  thus  preventing  possible 
damage  by  continual  releasing  and  resetting.  See  Page  12. 


SECTION 


TYPE  JCB  WITH  SPROCKET 


TYPE  JCS 


Multiple  sprockets 
will  usually  be  supplied 
bushed  to  run  on  customers 
shaft  for  additional  support. 


TO-; 


For  sprockets  smaller  than 
listed,  an  adaptor  is  used 
Details  on  request. 


— ' I 

f o < d 

• 2 5 5 

I I o m 

— Lf  I I 


joc  MAX.  RELEASE  TORQUE 

— .V  - , 


DIMENSIONS  IN  INCHES 
ANDMILLIMETERS- 


SMALLEST  STANDARD  SPROCKET 
' ^ - MNumbar-of  - - 


lb  ft 
kgm 

HP/RPM 

A B C D 

H*’  Pi«b 

'/l"  Pitch 

H"  Pitch 

%’•  Pitch 

1"  Pitch 

30 

4 

.006 

2.04  2.98  2.37  0.625 

S2  76  _60_  16 

30 

22 

19 

17 

14 

1&0 

21 

.03 

2.10  3.70  3.44  1.125 

63  94  87  28 

38 

28 

23 

20 

15 

TYPE  JCB  WITH  PULLEY 


TYPE  JCP 


Note:  Pulleys  to  suit  the 
following  belts  can  also  be  supplied  ■ 
standard  'V'  section,  flat,  poly  'V' 
and  timing. 


For  pulleys  smaller  than 
listed,  ah  adaptor  is  used 
Details  on  request. 


JCP 

MODEL 


MAX.  RELEASE  TORQUE 


DIMENSIONS  IN  INCHES  ANDMILLIMETERS 
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HP/RPM 
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1350  or  1410 


Dimensions  in  inches 


INSTALLATION 

The  hub  is  mounted  on  the  drive  shall  ol  the  PTO  using  a clearance 
lit  and  key.  When  installing,  do  not  hammer  the  Mange  face  (1) . 
Mount  universal  joint  to  flange  using  socket  head  screws. 

Release  torque  setting 

The  clutch  can  be  supplied  set  to  wour  specified  torque.  To  increase 
the  setting,  turn  the  adjustinij  nut  (2)  clockwise;  to  decrease, 
counterclockwise.  Do  not  unscrew  beyond  the  flush  position  where 
the  into  marks  coincide. 

To  reset 

When  the  clutch  operates  and  disengages  the  drive,  first  locale  and 
clear  the  cause  ol  the  overload.  To  reset,  rotate  the  flange  (1)  to  a- 
lign  the  raised  screw  (3)  in  the  housing  with  the  set  screw  (4)  in  the 
hub.  Hold  the  llanrju  and,  with  a pry-bar,  turn  slightly  in  the  direct- 
ion ol  the  arrow. 

Maintenance 

Clutches  are  grease-packed  on  .esscmbly  with  a molybdenum  di- 
sulphide b.ise  ol  grease.  A gru.ese  fitting  is  provided  lor  routine 
maintenance. 


DOG  CLUTCH  FEATURE 


Typical  arrangement  of  Type  "JA"  with  Shifter  Ring  for  use  as  remote  control  "Dog  Clutch". 


A feature  of  the  Type  "JA"  Clutch  is  that  it  can  be  used  as  a lever  operated  "Dog  Clutch",  By  adding 
a shifter  ring  to  the  clutch  a conventional  yoke  mechanism  can  be  used  to  provide  remote  control  lever 
actuation  to  engage  and  disengage  the  clutch. 

This  feature  has  been  found  very  useful  on  conveyors  for  maintenance  work  which  requires  disconnection 
of  the  gearbox  and  motor.  The  Dog  Clutch  feature  can  also  be  used  on  large  machines  such  as  printing 
presses  to  disconnect  and  isolate  specific  sections. 

the  normal  overload  release  feature  is  retained  and  the  dual  purpose  clutch  forms  a compact  unit  with 
unique  characteristics. 


LIMIT  SWITCH  OPERATION 


Typical  arrangement  of  Type  "JA"  and  Type  "JC"  for  use  with  limit  switch  for  automatic  shut*off. 


TYPE 

"JA” 


The  axial  movement  of  the  clutch  body  on  overload  can  be  used  to  operate  a limit  switch  to  shut  the  drive 
down  or  to  provide  visual  or  audible  warning.  Because  the  Type  "JA"  clutch  is  completely  free  running  on 
overload  the  use  of  a limit  switch  is  optional.  However,  we  strongly  recommend  that  a limit  switch  be  used 
with  the  automatic  Reset  Type  "JC"  clutch  unless  the  operating  speeds  are  very  slow. 


TYPICAL  APPLICATIONS 


BOTTLING  EQUIPMENT 

AUTOMATIC  FURNACES  OR  OVENS 

AUTOMATIC  DOOR  OPENERS 

DRYING  DRUMS 

TRANSFER  MACHINES 

WASHING  MACHINES 

RUBBER  PROCESSING  MACHINES 

FILM  PACKAGING  MACHINES 

TOBACCO  PROCESSING  EQUIPMENT 

SPECIAL  MACHINERY 

TRACTOR  PTO  DRIVEN  WINCH 

PACKAGING  AND  LABELLING  MACHINERY 


• CONVEYORS 

• MACHINE  TOOLS 

• BAKERY  EQUIPMENT 

• WOODWORKING  MACHINERY 

• PRINTING  PRESSES 

• PAPER  MACHINERY 

• TEXTILE  ^.ACKINERY 

• ROLLING  MILLS 

• PTO  DRIVES 

• MIXERS 

• PUMP  DRIVES 

• MINING  EQUIPMENT 


In  most  drive  systems  there  are  several  alternate  locations  where 
the  Form-Gard  clutch  can  be  install^  (Fig.  2).  The  preferred 
position  for  Form-Gard  is  at  the  driven  shaft.  This  location 
places  the  overload  protection  clutch  at  a point  in  the  drive 
system  where  actual  load  torque  can  be  accurately  monitored. 
Alternate  locations  in  the  drive  system  as  shown  in  Figure  2 are 
usually  subject  to  greater  variation  in  torque  loads  due  to  the  re- 
duction ratios  within  the  drive  system.  The  preferred  mounting 
location  will  provide  better  control  of  the  overload  release  tor- 
que thus  preventing  unnecessary  release  at  torques  below  safe 
operating  levels  due  to  system  inertia  and  starting  torque  peaks. 


REDUCTION  GEARING 


When  Form-Gard  Clutches  are  installed  on  large  ratio  reduction  gear  boxes  care  must  be  taken  since  it  may 
not  be  practical  to  set  a torque  limiter  mounted  on  the  input  shaft  low  enough  to  provide  the  proper  torque 
protection  on  the  output  shaft.  The  large  reduction  ratio  will  also  decrease  the  accuracy  of  the  output  re- 
lease torque  setting  if  the  clutch  is  located  on  the  input  shaft. 


HIGH  INERTIA  DRIVE  SYSTEMS 


When  selecting  Form-Gard  for  use  in  a high  inertia  drive  system  the  location  of  the  clutch  must  be  betwe»n 
the  high  inertia  load  (flywheel,  large  pulley  or  gear,  etc.)  and  the  driven  mechanism.  Locating  the  Form-Gard 
overload  release  clutch  in  this  position  will  protect  the  driven  mechanism  from  the  large  inertia  forces. 
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HOW  TO  SELECT 


Select  Manual  Reset,  Automatic  Reset  or  PTO  Mounted  type  overload  release  clutch  to  suit  your 
spMific  application. 

Choose  a position  in  your  drive  system  for  the  Form-Gard  clutch.  See  page  13  for  guidance. 

Calculate  the  torque  setting  required  for  the  position  selected. 

Calculate  the  maximum  permissable  torque  for  the  drive  componeti:^  after  considering 
torsional  stress  in  shafting,  stress  on  keys  and  keyseats,  torque  capacity  of  couplings,  chains, 
gears,  belts,  etc.  It  is  the  weakest  component  in  the  system  tf-at  requires  protection. 

-or— 

Determine  the  torque  setting  based  on  motor  horsepower,  drive  speed  and  reduction  ratios  cal- 
culating the  drive  torque. 

torque  (lb.  ft)  = horsepower  x 5250 
RPM 

— or— 

Determine  the  maximum  permissable  driven  load  based  on  conveyor  belt  or  chain  tension. 

An  allowance  for  starting  torque  may  be  required  depending  on  the  location  of  the  clutch  in  the  drive. 
At  the  motor  shaft  peak  torques  of  approximately  twice  normal  running  torque  is  possible.  At  loca- 
tions away  from  the  motor  peak  torques  will  be  damped  by  ^stem  inertia,  tending  to  reduce  the  ef- 
fect of  motor  peak  starting  torque.  Field  conditions  will  also  tend  to  change  the  calculated  torque 
values. 

The  best  way  to  deal  with  the  above  variables  is  to  make  some  allowance  when  selecting  the  torque  set- 
ting required.  Keep  in  mind  that  each  Form-Gard  clutch  is  adjustable  and  the  final  overload  release 
torque  setting  can  be  adjusted  on  the  job  to  meet  your  specific  application  requirements. 

With  the  approximate  torque  required  select  the  ri^t  size  and  type  clutch  from  the  tables  on  Pages  5 
thru  11. 

Check  the  clutch  selected  to  make  sure  the  shaft,  key,  sprocket,  pulley  or  U-joint,  etc.  requirements  of 
your  application  can  be  accommodated. 


HOW  TO  ORDER 


Please  supply  the  following  information  with  your  order: 

Quantity:  The  number  of  clutches  needed. 

Type  /model  / bore  and  keyseat  Example:  Type  JAB-7  / 1.625"  bore  / % x keyseat 
When  combination  units  are  selected  supply  additional  data  as  required  below: 

For  coupling  combination  supply  bore  and  keyseat  for  coupling. 

For  sprocket  or  pulley  combination  supply  complete  sprocket  or  pulley  data. 

For  Type  "JF"  clutch  supply  compile  U-joint  data. 

Advise  torque  setting  required. 

Special  requirements  such  as  shifter  ring,  neoprene  seals,  etc.  must  be  specified. 

If  bore  and/  or  keyseat  sizes  other  than  standard  tolerances  or  shaft  fits  are  required,  please  specify  di- 
mensions completely  including  tolerances.  Standard  shaft  fits  and  bore  tolerances  are  listed  on 
page  15. 

Please  submit  a completed  application  data  sheet  (forms  available  from  Formsprag)  for  all  Form-Gard 
Clutch  applications  which  require  torque,  speed,  bore,  shaft  fits,  keyseats,  or  other  special  re- 
quirements not  listed  in  this  catalog. 


l^nNIMUM  BORE 


MAXIMUM  BORE 


TYPE'JC”  CLUTCH 


CLUTCH  SIZE 

1 

3 

INDIVIDUAL 

STANDARD 

.375 

.625 

BORE  SIZES 

.500 

.750 

A75 

1.000 

MINIMUM  BORE 

.250 

.500 

MAXIMUM  BORE 

.625 

1.125 

TYPE  'JF'  CLUTCH 


CLUTCH  SIZE 


INOIVIDUAt 
STANDARD 
BORE  SIZES 


STANDARD  TOLERANCE  ON  ALL  BORE  SIZES  WILL  BE  NOMINAL  BORE 


STANDARD  KEYSEAT  TOLERANCES 

Width 

+ .002 
• .000 

Alt  Sires 

Depth 

+ .010 
. .000 

STANDARD  KEYSEATS  (INCHES) 

Nominal  Shaft  Diameter 

Keysaat 

Over 

Thru 

Width 

Depth 

3/8 

7/16 

3/32 

3/64 

7/16 

9/16 

1/8 

1/16 

9/16 

7/8 

3/16 

3/32 

7/8 

1-1/4 

1/4 

1/8 

M/4 

1-3/8 

5/16 

5/32 

1-3/8 

1-3/4 

3/8 

3/16 

1-3/4 

2-1/4 

1/2 

1/4 

2-1/4 

2-3/4 

5/8 

5/16 

2-3/4 

3-1/4 

3/4 

3/8 

3-1/4 

3-3/4 

7/8 

7/16 

3-3/4 

4-1/2 

1 

1/2 

4-1/2 

5-1/2 

1-1/4 

5/8 

5-1/2 

6-1/2 

1-1/2 

3/4 

SPECIAL  BORE  AND  KEYSEAT 


All  units  can  bt  lupplM  with  sptcial  bora  and 
kayttat  tizts  to  maat  your  tpadfic  application 
raquiramantt  in  both  English  and  Metric  sizes. 
Full  shaft  and  keysaet  details  including  toler- 
ances must  be  supplied  with  order. 


OTHER  FORMSPRAG-MT.  PLEASANT  POWER  TRANSMISSION  PRODUCTS 
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Formsprag  Warranty 

Formiprag  Company  guarantaat  all  its  products  will  Itave  the  factory  in  good  condition.  Formsprag  warrants  its  products 
against  defects  in  workmanship  and  material  for  a period  of  365  days  (one  year)  after  shipment.  Adjustments  under  this 
wirranty  will  be  made  only  after  completion  of  inspection  of  the  part  or  product  in  Formsprag's  factory.  Formsprag's 
liability  under  the  warranty  shall  extend  only  to  the  replacement  or  correction  of  any  defective  part  or  product  determined 
by  Formsprag  inspection  as  not  conforming  to  this  warranty. 

This  warranty  shall  not  apply  to  any  product  which  shall  have  been  repaired  or  altered  without  Formsprag's  knowledge  and 
consent  or  operated  or  installed  contrary  to  Formsprag's  instruction  or  subjected  to  misuse,  improper  maintenance  or  is 
damaged  by  accident  or  negligence. 

This  warranty  is  made  in  lieu  of  PH  other  warranties,  express  or  implied,  induding  but  not  limited  to  warranties  of  merchant- 
ability  or  fitness  for  a particular  purpose,  and  there  are  no  other  warranties  that  axtand  beyond  this  express  warranty. 


Formsprag  Company  reserves  the  right  to  discontinue  models  or  to  change  specifications  at  any  time  without  notice.  No 
discontinuance  or  change  shall  create  any  liability  on  the  part  of  Formsprag  in  respect  to  its  products  in  the  hands  of  its 
customers  or  products  on  order  not  incorporating  such  change  even  though  delivered  after  any  such  change. 

Performance  Assurance 

Rated  torque  and  speeds  of  Formsprag  products  arc  provided  in  current  catalogs  to  assist  the  buyer  in  selecting  the  proper 
Formsprag  product.  In  addition,  application  engineering  assistance  is  offered  by  Formsprag  ConH>any  for  guidance  to  the 
buyer  in  selection  of  a catalog  product  and  for  design  and  application  of  custom  designed  couplings.  Since  the  actual 
performance  characteristics  of  the  buyer's  equipment  cannot  be  reproduced  in  Formsprag  testing  laboratories,  performance 
assurance  of  all  Formsprag  products  in  the  buyer's  application  is  the  responsibility  of  the  buyer.  Performance  assurance  is 
usually  accomplished  through  manufacture  of  a prototype  by  Formsprag.  and  a test  or  qualification  program  on  the  part  of 
the  buyer. 

Rotating  equipment  is  potentially  dangerous  and  should  be  properly  guarded.  The  user  should 
check  for  all  applicable  safety  codes  in  his  area  and  provide  a suitable  guard. 

Formsprag  1 1 
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4.9  Helland  Torq-Tender»  Reference  Fig.  #11 

4.9.1  The  Helland  Torq-Tender  is  a positive  mechanical  device 
which  uses  a de tented  key  that  is  radially  opposed  by 
(2)  counteracting  compression  springs  for  transmitting 
limited  torque  in  either  direction  of  rotation. 

4.9.2  Two  models,  TT3  and  the  Tandem  are  required  to  cover 

the  3 through  10  H.P.  drive  range.  Also,  a large  quantity 
of  trip  release  springs  are  required  to  cover  the  torque 
range. 

4.9.3  The  torque  setting  is  not  externally  nor  infinately 
adjustable.  To  change  a spring  requires  complete  removal 
of  the  unit  from  the  drive  system. 

4.9.4  Periodic  maintenance  for  lubrication,  due  to  running  in 
excess  of  500  RPM,  also  requires  complete  removal  of 
the  unit  from  the  system. 


ii 
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4.9.5  Preferred  features  are, 

(a)  Different  torque  settings  for  forward  and  reverse 
movement . 

(b)  Can  be  sealed  (dustproof  or  waterproof) . 

(c)  All  position  mounting. 

(d)  All  steel  construction. 

(e)  Automatic  reset  (below  25  RPM) . 

(f)  Accepts  lJs°  angular  to  .015”  parallel  misalignment. 

(g)  Automatic  shut-off. 

(h)  Tamperproof  setting. 
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(j)  Ambient  temperature  range  of  sub  zero  to  +350  F.  I 

(k)  Cadmium  plating  or  stainless  steel  construction  for  J 
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I (j)  Ambient  temperature  range  of  sub  zero  to  +350  F.  I 
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SIMPLICITY  is  the  Key  to 
OVERLOAD  PROTECTION 
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HELLRND 


represented  by 
HENRY  C.  (HAMO  JAHN 
8829  r.'OCr.;'  ‘ ■ LANE 

CINCINNATI,  45231 

AREA  COP-  . 521-0172 


positive  overload  protection 
accurate  torque  limiting 


Effective  overload  protection 
in  most  any  environment  . . 


HELLAND  TORQTENDER  is  o positive  mochonkol 

unit,  designed  to  maintain  occurocy  in  any  position,  ony  otntospheric 
or  moisture  condition,  under  frequent  or  infrequent  overloods  ond  in  o 
variety  of  other  situations  often  eiKountered. 


HIGH  TEMPERATURES  donot.io» 

the  instant  response  of  the  Torq-Tender,  One 
large  in-plant  installation  sees  them  protecting  a 
complete  production  line  of  hot  glue  extruders 
which  operate  at  350  F. 


LOW  TEMPERATURES  do  not  affect 

the  dependability  of  these  Helland  units. 
Through  the  sub-zero  cold  of  attic  winters  Torq- 
Tenders  protect  the  drive  mechanisms  of  radar 
tracking  antennas. 


SMALL  SPACE  i>  all  that's  required. 

Because  of  its  favorable  torque  capacity  and 
compact  size,  the  Torq-Tender  has  been  chosen 
to  protect  the  camera  controls  on  one  of  this 
nation's  most  sophisticated  under-sea  labora- 
tories. 


FREQUENT  OVERLOAD  is  no 

problem.  In  a variety  of  manufacturing  plants 
where  assembly  is  critical  it's  common  to  rely  on 
Helland  Torq-Tenders  for  the  control  of  torque  in 
nut-running  operations. 


OILY  ATMOSPHERE,  in  which  o trie- 

tion  unit  cannot  survive,  is  home  for  a Torq- 
Tender.  Lathes,  milling  machines  and  other  cut- 
ting tools  are  ideal  opplications  for  this  Hellond 
unit. 


HIGH  HUMIDITY  does  not  dampen 

the  occuracy  of  the  Torq-Tender.  Even  doiry 
equipment,  which  must  be  steom  cleoned  on  o 
daily  basis,  is  protected  from  overload  by  these 
dependable  Helland  units. 


SALT  WATER.  an  unfriendly  en- 
vironment for  mechonicol  devices  of  all  kinds, 
foils  to  homper  the  oction  of  the  Torq-Tender. 
Hellond  provides  stoinless  steel  units  to  protect 
the  drive  components  of  salt  water  drilling  equip- 
ment. 


HIGH  SPEED  installations  such  os  bot- 
tling mochines,  con  testing  devices  and  other 
process  equipment  operate  at  minimum  down 
time  when  Torq-Tenders  orrest  overloads,  pre- 
vent jam-up  and  re-set  automatically. 


DUSTY  ATMOSPHERE  does  not 

change  the  pre-set  torque  setting.  Dust-proof 
models  are  available  where  required,  though 
standard  units  ore  frequently  used  for  ap- 
plications such  os  mine  conveyors  and  con- 
struction equipment. 


FORWARD/REVERSE  does  not  mat- 
ter, Torq-Tenders  respond  occurotely  in  either 
direction.  If.  such  as  in  drilling  or  tapping  in- 
stollations,  a different  torque  requirement  is  in- 
dicated for  reverse  it  con  be  accomplished  by  the 
change  of  just  one  spring. 


a unique  mechanical  design 
requiring  no  electrical,  air 
or  other  power  source. 


The  Torq-Tender  • positive  drive  coupling  that  pro* 
vides  accurate  overload  protection  or  torque  limiting. 
It  is  not  a friction  clutch  and  therefore  maintains  its 
accuracy  after  thousands  of  disengagements.  It  is  com* 
pact  and  easy  to  install.  It  operates  in  any  position  and 
both  rotational  directions,  ffo  tools  are  required  for 
resetting  as  the  Torq*Tender  returns  to  its  predeter* 


mit>«d  torque  merely  by  removing  the  overload  and 
stowing  the  driving  unit. 

Six  standard  sites  offer  a range  of  torque  iumts  from 
1 inch'pouttd  to  3.000  inch>po«inds.  All  are  available 
in  dust>proof  or  water<proof  mocWs.  m special  con* 
figuraiior-$  and  wnii  plated  exposed  surfaces  at  slight 
additional  cost. 


Tom.T«nO«i  cmi|i>>nj|5  xm  muhr  pn*  p*  u*  l**«  Itapuwif  US  *3.1J4,?2y.  3JIQUS2  aorf  Itaj.SW 
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No  friction  unit  can  match  the  dependability  of  a 

TORQ -TENDER® 

Here's  why: 


When  load  exceeds  rating,  key  simply  pivots 
out  of  slot  and  compresses  precision 
tempered  springs  disengaging  coupling. 


Once  overload  is  removed, 
resetting  is  automatic  — no  tools 
required.  Springs  and  slides  force 
key  back  into  slot  at  exact  original 
angular  position. 


Once  installed,  it's  tamper-proof. 
Should  a change  of  torque  rating  be 
dictated,  springs  of  desired  value 
can  be  readily  substituted,  including 
different  torque  ratings  for  forward 
arid  reverse. 


Torq-Tender  operates  in  both  rotational 
directions,  in  any  position  and  in  moist, 
oily  or  dusty  atmosphere. 


- Simple  to  install.  Accepts  up  to 
IVi®  angular  misalignment,  .005" 
to  .015"  parallel  misalignment. 
No  further  adjustment  is  required. 


Torque  rating  returns  to  the 
exact  original  value  regardless 
of  the  number  or  frequency 
of  overloads. 


Spring  Stop 


Helland  Research  and  Engineering,  Inc. 
TORQ-TENDER®  Standard  parts  list 


\ \ i 


© 1 


® Ni  " ’ 

© 0)  ® 


© Housing  @ Thrust  Washer  @ Retaining  Ring  Line  Up  Washer  (b)  Drive  Shaft  (|)  Return  Spring 
Q Spring  Slide  (s)  Drive  Key  @ Set  Screw  @ Retaining  Ring  (Q)  Race  Ring  ^Compression  Spring  (^Spring 
Stop  @ Actuating  Pin  Shaft  ^ Actuating  Pin  Housing  @ Actuating  Pin  Compression  Spring  @ Actuating  Pin 
Retaining  Ring 


Versatile  Torque  Control 


TORQ-TENDER  COUPLINGS 
are  used  to: 


• Protect  motors 

• Protect  cutting  tools 

• Protect  tables  and  carriage  mechanisms 

• Protect  drilling  and  tapping  tools 

• Protect  gear  reducers  — drives 

• Protect  coriveyors 

• Protect  tumblers  and  turntables 


• Lathes 

• Milling  machines 

• Mixers 

• Drills 

• Conveyors 

• Tumblers 


• Turntables 

• Packaging  machines 

• General  drives 

• Ovens 

• Textile  rhachines 

• Floor  machines 


TORQ-TENDER"  couplings  can  be  made  up  in  many 
special  configurations,  a few  examples  shown  here. 


Shaft  Extension 


Pulley 


Pulley 

and 

Extended 

Shalt 


B 

- 

e 

C5CD  ( 

Nut  Runner 

WARRANTY 

Parts  and  performance  of  each  Torq-Tender"  coupling 
are  warranted  for  6 months  when  used  in  accordance 
with  instructions  Warranty  is  void  if  the  Torq-Tender" 
coupling  has  been  altered  or  reworked  Warranty  covers 
only  the  repair  or  replacement  of  the  Torq-Tender" 
coupling.  Transportation  is  not  allowed. 


TORQ-TENDER  COUPLINGS 
are  used  on: 


Ml"  I 


Standard  Advantages  of  the 
Helland  TORQ-TENDER® 


1 . Accurate  trip  release 

2.  Torq-Tenders  will  solve  most  overload  problems 

3.  No  adjustments  required  as  torque  setting  remains  constant 

4.  Will  last  for  years 

5.  Single  position  for  machine  timing 

6.  Small  diameter  — strong  torque 

7.  Easy  to  install 

8.  Easy  to  mount  gear,  pulley  or  sprocket  (see  drawing  page  7) 

9.  Standard  units  function  in  temperatures  up  to  350° 

10.  Serves  as  a flexible  coupling  1V2°  angular  misalignment 
and  .005°  to  .030°  parallel  misalignment,  depending  upon 
the  size  of  the  unit 

1 1 . Will  function  in  a vertical  or  horizontal  position 

1 2.  Can  be  used  as  an  indirect  coupling  as  well  as  a direct  coupling 

13.  Tprq^Tender  will  function  in  both  clockwise  and  counter 
clockwise  direction 

14.  Standard  bore  sizes  ofTorq-Tenders  will  fit  most  shaft  diameters 

15.  Resets  automatically  once  overload  is  removed  and  speed 
reduced 

16.  An  optional  actuating  assembly  which  strikes  a switch  and 
activates  a warning  signal  or  shuts  off  the  motor  can  be  pro- 
vided at  small  additional  cost  (see  page  6) 

Construction 


Torq-Tender  couplings  are  built  to  high 
industrial  standards  and  will  last  for  years 
with  only  minimum  maintenance  required. 
Drive  key  and  spring  slides  are  investment 
castings  of  hardened  steel.  Housing  and 
hub  are  mild  steel,  case  hardened.  Springs 
are  carefully  selected  to  give  accurate 
torque  settings.  Water  and  dust  proofed 
construction  are  available  for  a small  addi- 


tional charge.  Torq-Tender  couplings  func- 
tion in  ambients  up  to  350°  F.  All  units 
are  available  with  Bronze  Oilite  Bearings 
in  housing  bore  for  through-shaft  installa- 
tions, in  which  the  single  shaft  must  extend 
to  the  end  of  the  housing  bore  to  support 
overhung  loads.  This  is  an  ideal  application 
for  mounting  a gear,  sprocket  or  pulley. 


Provides  Automatic 
Shut-Off  Too! 


ACTUATING  DISC 


with  a second  ptn  installed  180“  to  the  first  pin.  The  ACTUA- 
TING DISC  IS  rhounted  on  the  outside  diameter  of  the  Torq- 
Tender  so  that  when  overload  occurs,  both  actuating  pins  force 
a sliding  member  axially  an  amount  equal  to  the  pin  ejection. 
The  limit  switch  is  mounted  so  that  the  sliding  mernber  actuates 
the  switch  immediately  upon  overload  thereby  shutting  down 
the  machine.  The  unit  resets  automatically  upon  reengagement 
and  is  bi-directional.  This  design  allows  either  end  of  the  Torq- 
Tender  to  be  used  as  the  input  end. 


ACTUATING  PIN 


An  Actuating  Pin  is  available  as  an  optional  feature  on  the  six 
largest  models  of  the  Holland  Torq-fender.  The  iiSslant  ah  over- 
load occurs,  the  actuating  pin  becomes  operative,  traveling  '/•" 
to  strike  a limit  or  mercury  switch  that  will  actuate  a warning 
signal  or  shut  off  the  motor. 

When  the  Fail-Safe  Pin  is  used,  the  Torq-Tender  coupiing  should 
be  installed  so  that  the  "F"  bore  is  the  input  and  the  "C"  bore 
the  output  thus  allowing  the  pin  inechanism  to  rotate  and  strike 
the  switch.  When  ordering  the  torq-fender  with  the  Fail-Safe 
Pin,  "C"  and  ''F”  dimensions  must  be  specified  (see  dimensional 
drawing,  page  9). 

After  the  overload  situation  is  corrected,  the  Torq-Tender  coupling 
automatically  synchronizes  the  original  setting  at  the  exact 
previous  location  and  torque  rating  and  the  Fail-Safe  Pin  retracts 
to  its  original  position. 


ACTUATING  DISC 


Dimsnsions  actuating  pin 


MODEL 

A 

Y 

R 

N 

TT-1X 

.850 

0 094 

0,250 

0.250 

TT-2 

1.094 

0125 

0 187 

0.250 

TT-2X 

1,375 

0125 

0125 

0 250 

TT-3 

1,625 

0 125 

0.125 

0.187 

TANDEM 

1 625 

0125 

0125 

0187 

4 

1 

X 

2,000 

0 125 

0 135 

0075 

MODEL 

A 

B 

C 

D 

n-ix 

2.985 

.687 

3/32 

1.063 

TT-2 

3 485 

,893 

1/8 

1.097 

n-2x 

3.935 

1.175 

1/8 

1.097 

TT-3 

4.480 

1,425 

1/8 

1,097 

TANDEM 

4.480 

1.425 

1/8 

1.097 

TT-4X 

6.250 

1.690 

1/8 

1.312 

A 
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Ask  us  for  your  special  requirements 


1. 

2. 

3. 

4. 

5. 

6. 
7. 


Plated  --  nickel,  chrome,  zinc,  cadium,  etc. 

Special  material  such  as  stainless  steel 

Multiple  re-engagement 

Metric  and  non  standard  bores  and  keyways 

Torque  ratings  — different  torques  for  forward  & reversing 
applications 

High  temperature  lubrication  and  seals 
Can  be  sealed  to  make  dust  and  water  proof 


Whatever  your  requirements,  we' II  tailor-make  a Torq-  TendehU)  for  you! 


Instructions  for  Mounting  Gear, 
Pulley  or  Sprocket 


Shown  IS  Pulley  and  Sprocket  or  Gear  mounted  on 
flange  with  Bronze  Oilite  Bearing  in  bore  (See 
CONSTRUCTION.  Page  4). 

Above  is  a typical  application  showing  a pulley, 
sprocket  or  gear  mounted  on  the  flange  with  an 
oilite  bearing  pressed  in  the  housing  (F)  bore. 
Because  the  Torq-Tender  must  be  supported  on 
both  ends,  the  shaft  must  extend  the  complete 
length  of  the  unit,  thereby  supporting  the  outer 
end  of  the  unit.  Upon  overload,  the  housing  end 
revolves  on  the  shaft.  Refer  to  illustration  B for 
the  application  where  the  shaft  is  too  short  to 
extend  through  the  Torq-Tender. 


g Shaded  area  is  one  piece  drive  shaft 
supported  with  Oilite  bushing 


Shown  above  is  the  self-supporting  Torq-Tender 
to  be  used  in  applications  where  the  shaft  is  too 
short  to  completely  support  the  outer  end  of  the 
Torq-Tender.  The  shaded  area  is  a one  piece  drive 
shaft  which  supports  the  outer  end  of  the  Torq- 
Tendei.  A pulley,  gear  or  sprocket  is  then  mounted 
on  the  flange  as  in  illustration  A.  This  self-support- 
ing unit  is  now  available  in  the  TT-2  and  TT-3 
models. 


Instructions  for  determining  torque  rating  required 
and  TORQ-TENDER®  model  number  for  your  application. 


Computation  of  the  RPM's  should  be  made  according  to 
the  location  you  select  for  the  torq-Tender. 

1.  Refer  to  the  following  table  to  obtairi  the  running 
torque  rating  of  your  application  — the  rating  required 
to  determine  the  proper  strength  of  torq-Tender 
springs. 


2.  From  the  chart  headed  Torque  Ratings  Available 
determine  which  models  provide  the  desired  overload 
protection  for  your  application, 

3.  Select  the  model  with  the  dimensions  that  most  closely 
match  the  needs  of  your  application. 

4.  Indicate  a unit  with  a fail-safe  actuating  pin  where 
automatic  warning  or  shutdown  is  required. 


MAXIMUM  RUNNING  TORQUE  IN  INCH  POUNDS  FOR  VARIOUS  HORSEPOWER  MOTORS 

HORSEPOWERS 


RPM 

1/4 

i/r? 

1.-2 

3/.1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

to 

1528 

2106 

IS 

1050 

1400 

2100 

20 

764 

1050 

1528 

2360 

25 

631 

841 

1261 

1890 

2522 

30 

525 

700 

1050 

1572 

2100 

35 

450 

600 

900 

1348 

1800 

40 

394 

526 

789 

1178 

1578 

45 

350 

467 

700 

1050 

1401 

2802 

50 

316 

420 

631 

945 

1261 

2522 

60 

262 

350 

525 

789 

1050 

2100 

70 

225 

300 

450 

675  . 

900 

1800 

2700 

80 

197 

293 

394 

590- 

789 

1580 

2367 

90 

175 

233 

350 

525 

700 

1402 

2100 

2804 

too 

157 

210 

315 

422 

630 

1261 

1891 

2521 

150 

105 

140 

210 

315: 

420 

840 

1261 

1681. 

2101 

2521 

2941 

.200 

79 

105 

157 

236 

315 

630 

945 

1261 

1575 

1891 

2206 

2521 

2836 

250 

63 

84 

126 

189 

252 

504 

756 

1008 

1260. 

1513 

1765 

2017 

2269 

2521 

300 

52 

70 

105 

157 

210 

420 

630 

840 

1050 

1261 

1471 

1681 

1891 

2ior 

350 

45 

60 

90 

135 

180 

360 

540 

720: 

900: 

1080 

1261 

1441 

1621 

.1801 

400 

39 

53 

79 

118 

158 

315 

473 

630 

788 

945 

1104 

1261 

1418 

1576 

450 

35  , 

47 

70 

105- 

140 

280 

420 

560 

700, 

840 

980 

1120 

1261 

1401: 

500 

31.6 

42 

63 

95 

126 

252 

378 

504 

630 

756 

882 

1008 

1134 

1261 

550 

29 

38 

57 

86 

115 

229 

344 

458 

573 

688 

802 

.917 

1031 

1146 

600 

26  . 

35 

52  . 

79 

105 

210 

315 

420 

525 

630 

735 

840 

945 

1050 

650 

24.2 

32 

48.5 

73  , 

97 

194 

291 

388 

485 

582 

679 

■776 

873 

970 

700 

23 

30 

45 

67.5 

90 

180 

270 

360 

450 

540 

630 

.720 

810 

>900 

760 

21 

28 

42 

63 

-84 

168 

252 

336 

420 

604 

588 

672 

756 

840 

800 

19 

26 

39 

59 

79 

158 

236 

315 

394 

473 

551 

630 

709 

788- 

850 

18.5 

25 

37 

55.5 

74 

148 

222 

297 

371 

445 

619 

593 

667 

741 

900 

17.5 

23 

35 

52  5 

70 

140 

210 

280 

350 

420 

490 

560 

630 

700 

950 

17 

22 

33 

49 

66 

133 

199 

265 

332 

398 

464 

531 

597 

663 

1000 

16 

21 

31 

47 

63 

126 

189 

252 

315 

378 

441 

504 

567 

630 

1100 

14 

19  . 

28 

43 

57 

115 

172 

229 

286 

344 

401 

458 

516 

573 

1200 

13 

17,5 

26 

40 

53 

105 

158 

210 

263 

315 

468 

420 

473 

525 

1300 

12', 

16 

24 

36 

48 

97 

145 

194 

242 

291 

■ 339 

388 

436 

485 

1400 

11.2 

15 

22.5 

34 

45 

90 

135 

180 

225 

270 

315 

360 

405 

:450 

1500 

10.5 

14 

21  ^ 

31 

42 

84 

126 

168 

210 

252 

294 

336 

378 

420 

1600 

10  . 

13  . 

19.6 

29 

39 

79 

118 

158 

197 

236 

276 

315 

355 

394 

1700 

9.5 

12.5 

185 

28 

37 

74 

111 

144 

185 

222 

260 

296 

334 

371- 

1750 

9 

12 

18 

27 

36 

72 

107 

142 

180 

216 

252 

288 

324 

360 

1800 

8 

11 

17 

26 

35 

70 

103 

140 

175 

210 

245 

280 

315 

350 

HOW  TO  USE  TABLE: 

1.  IHPatBORPM: 

Read  across  the  50  RPM  line  to  the  1 HP  column.  Running  torque  is  equal  to  1261  inch  pounds. 

2.  25  HP  at  600  RPM: 

Read  across  the  600  RPM  line  to  the  5 HP  column.  Running  torque  to  be  encountered  is  five  times  the  amount 
shown  or  525  times  5,  the  equivalent  of  2625  inch  pounds. 

3.  12’/2HPat600RPM; 

Read  across  the  600  RPM  line  adding  the  values  found  at  the  Vi  HP,  2 HP  and  10  HP  columns  to  arrive  .at  the  total 
running  torque  for  12Vi  HP.  (52  plus  210  plus  1050  equals  1312  inch  pounds  total  running  torque). 

Instructions  For  Installing  TORQ-TENDKR^ 

It  is  preferable  to  mount  the  unit  on  the  output  shaft  of  the  motor  or  speed  reducer  with  the  drive  shaft  side  toward  the 
motor  or  speed  reducer.  The  direction  of  the  unit  can  be  reversed  when  used  as  a coupling.  The  speed  reducer  and 
the  driven  shaft  should  be  well  lined  up  for  mounting  of  the  Torq-Tender  but  the  unit  does  serve  as  a flexible  coupling 
for  both  parallel  and  angular  misalignment.  All  sizes  of  Torq-Tenders  will  accept  up  to  IVi  degrees  of  angular  mis- 
alignment. But  parallel  misalignment  varies  according  to  size  of  the  units  as  follows;  T-T-1— .005",  T-T-1X— .007", 
T-T-2— .010",  T-T-2X— .015",  T-T-3— .030",  T-T-4X— .030".  When  a gear,  sprocket  or  pulley  is  mounted  on  the  hub 
of  the  housing,  the  output  shaft  should  extend  through  the  unit  with  an  oilitc  bearing  supporting  the  overhung  load. 

There's  no  trick  to  re-engaging  a TORQ-TENDER® 

The  Torq-Tender  develops  a clicking  sound  when  in  a disengaged  position,  a warning  of  an  existing  overload.  The 
unit  will  re-engage  automatically  when  motor  runs  25  RPMs  or  less  but  if  running  faster  simply  slow  down  or  stop 
motor  until  it  re-engages. 


k.  i 
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How  to  Order TORQ -TENDER®  Couplings 


1.  Specify  the  catalog  number. 

2.  Determine  the  torque  rating  required  and  then  select 
from  the  torque  values  listed  on  page  10.  If  uncer- 
tain about  torque,  order  additional  springs  of  higher 
and  lower  torque  ratings.  These  can  be  easily  sub- 
stituted. 

3.  Specify  the  bore  size  for  the  C bore  (drive  shaft)  end. 


4.  Specify  the  bore  size  for  the  F bore  (housing)  end. 

5.  Specify  if  an  oilite  bushing  is  needed  on  the  drive  side 
for  overhung  load  to  support  gear,  sprocket  or  pul- 
ley, 

6.  Specify  if  an  actuating  pin  or  actuating  disc  assembly 
IS  to  be  included.  See  page  6 for  specific  instructions. 

7.  Specify  delivery  time  and  shipping  requirements.  For 
special  requirements,  contact  factory. 


TABLE  1 


Toiquo 

Actuating 

Shipping 

Ctulog  No. 

Ring* 

OilHo 

Weight 

In  Lbi. 

CBoro 

F Bon 

Bushing 

.Aicambly 

Lbs. 

'rrt 

1 to  15 

1/8_ 

3/16 

1/8 

3/16 

Specify 

N/A 

1/4 

1/4^ 

1/4 

5/16 

5/16 



. 

nix 

2 to  60 

3/16 

3/16 

Specify 

■ Specify 

1/2 

1/4 

1/4 

5/16 

5/16 

3/8  _ 

3/8, 

7/16 

7/16 

_ 

;i/r 

1/2 

- « - 

i , 

■ TT2 

<4  to  140 

- - - 

Speafy 

Specify 

“i.n/4'  • 

i/4 

1/4. 

5/16 

5/16 

3/8i 

3/8i 

7/16 

7/16 

' ; 

1/2 

1/2 

5/8 

5/8 

H2X 

18  to  350 

i/2 

i/2 

Specify 

■ Specify' 

; '2n/4 

.5/8 

5/8 

3/4 

3/4' 

H3 

1810  500 

3/4 

3/4 

Specify 

Specify 

3-1/4 

7/8 

7/8 

1 

1 

. 1-1/8  . 

inA3  . _ . 



Tandem 

240  to  1000 

3/4 

3/4 

Specify 

Specify 

5 

7/8 

7/8 

1 

1 

1-1/8 

1-1/8 

...-  

H4X 

750  to  3000 

7/8 

1 

1-1/8 

7/8 

1 

1-1/8 

Specify 

Actuatiny  Pin 
Supplied 

15 

1-1/4 

1-1/4 

1^3/8 

1-3/8 

1-1/2 

1-1/2 

1-3/4 

1-3/4 

- - 

Keyway  and  Hub  Dimensions 


Bores  under  'h"  will  have  no  keyways. 
Bores  and  over  will  have  standard 
keyways  as  follows: 


Hub  sizes  and  hub  keyway  sizes  are 
as  follows  on  housing  end: 


TABLE  2 


Bore  Size 
Inches 

Keyway 

Width 

Under  1/2 

None 

1/2  to  9/16 

1/8" 

5/8  to  7/8 

3/16" 

15/16to  1-1/4 

1/4" 

1-5/16  to  1-3/8 

5/16" 

1-7/16  to  1-3/4 

3/8" 

TABLE  3 


Model  G Hub  M=Keyway 

No.  O.D.  Width 

TT1 

nix 

H2 

TT2X 

TT3 

Tandem 

H4X 

.625 

1" 

1 -3/8" 
1 -5/8" 
1-3/4" 
1 -3/4" 
3" 

3/16"* 

1/4" 

5/16" 

3/8" 

3/8" 

3/8" 

3/4"* 

•Qilile  Models  only 


NOTE:  Bores  under  W are  supplied  with  no  keyway  and  one  (1)  set  screw.  Bores  Vi"  and  over  are  supplied  with 
standard  keyway  and  two  (2)  set  screws. 


T orq-T  ender'Coupling 

(TORQUE  RATINGS  AVAILABLE) 

Trip  Release  Springs  Available  For  Torq-Tenders 


Thtisu  springs  can  be  easily  removed  and  replaced  by  springs  with  the  required  torque.  See  back  page. 
Springs  are  not  interchangeable  between  TORQ-TENDER  "'  couplings  with  different  catalog  numbers. 


Dimensions 
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Standard  Dimensions  (in  inches) 


CAUTION:  When  using  Torq-Tcndcr  for  direct  coupling  be  sure  shafts  do  meet  inside  unit.  Sec  dimensions  D and 
E for  proper  engagement. 


■»5vfit,»T«*- 


INSTRUCTIONS  for  changing  springs 

To  remove  springs,  first  remove  retaining  ring  from  the  housing  by 
drawing  the  retaining  ring  together  with  retaining  ring  pliers  and  remove 
the  drive  shaft  from  the  housing.  Then  place  the  drive  shaft  in  a vise. 
Pinch  the  springs  with  a pair  of  narrow  jawed  channel  lock  pliers,  unseating 
and  removing  them. 

To  insert  new  springs,  place  the  drive  shaft  in  a vise  and  place  one 
end  of  the  spring  against  the  bottom  of  the  spring  slot.  Using  a vise  grip 
or  similar  pair  of  pliers,  put  the  lower  jaw  under  the  drive  shaft  and  the 
upper  jaw  on  top  of  the  other  end  of  the  spring.  Compress  the  spring  by 
closing  the  pliers  and  use  a screw  driver  or  blunt  instrument  to  push  the 
end  of  the  spring  out  of  the  pliers  into  the  spring  slot.  Repeat  on  other 
side. 

When  reassembling  TORQ-TENDER®,  rhake  sure  the  thrust  washer 
is  in  place  in  the  groove  in  the  housing.  The  housing  should  be  properly 
lubricated  with  No.  2 Lubriplate  with  molydisulphite. 


LUBRICATION  INSTRUCTIONS.  Vour  TORQ-TENDERi^  is  shipped  properly  lubricated  with  No.  2 Lubriplate  with 
molydisulphite.  Where  overloading  is  infrequent,  no  additional  lubricant  is  required.  Where  frequent  overloading 
occurs,  especially  at  speeds  in  excess  of  500  RPM.  periodic  lubrication  is  necessary.  Follow  the  procedure  for  opening 
the  TORQ-TENDERs  stated  above.  Brush  a liberal  coating  of  lubricant  inside  the  housing  and  reassemble.  For  moist  or 
dirty  atmospheres,  specify  rubber  "0"  rings  to  seal  out  moisture  and  dirt  and  to  help  retain  the  lubricant. 


Come  To  A Clean  Stop 
Everytime! 

The  Helland  Stop-Tron  automatically  and  quickly 
powers  AC  driven  equipment  to  a complete  stop.  Stop- 
Tron  minimizes  unproductive  and  risky  deceleration 
periods.  Easy  to  install  and  completely  adjustable.  No 
air,  hydraulics  or  double  shafts  needed.  Available  in 
1 20,  230,  460  and  570  VAC  Models. 


HELLAND  RESEARCH  & ENGINEERING,  INC. 

15107  Minnetonka  Industrial  Road 
Minnetonka.  Minnesota  55343 
(612)  933-2223 


Torcme  Limiter  Comparison  and  Selection 


In  comparison,  the  previously  reviewed  units  meet  most 
of  the  requirements  except  for  a few  specific  features. 


Dalton  OSDC  Toroue  Limiter 


This  unit,  the  most  simplest  and  economical  of  all 
reviewed,  cannot  maintain  an  accurate  setting  and  by 
design  is  not  adaptable  to  fi'it  vating  a motor  shut  off 
switch.  Its  incapability  to  meet  these  two  requirements, 
eliminate  friction  disc  type  clutches  from  this  selection 


Holland  Toro-Tender 


The  Torq-Tender  unit  is  unique  in  design  and  has  several 
features  that  no  other  unit  has,  in  that  separate  torque 
settings  can  be  selected  for  forward  or  reverse  operation 
and  the  unit  is  tamperproof.  However,  the  fact  that 
torque  adjustment  and  maintenance  requires  extra  parts 
and  complete  removal  from  the  drive  system,  makes  this 
unit  a less  desirable  unit  than  the  three  remaining 
devices . 


The  (3)  remaining  units  all  use  a positive  ball  detent 
type  design  in  conjunction  with  one  or  more  coil  springs 
which  are  externally  adjustable.  The  torque  range  of 
all  three  units  covers  the  horsepower  range  of  2.25  thru 
9.79  required  for  the  20  to  90  ft.  conveyor  range  in 
height.  Pricewise,  all  (3)  basic  torque  limiters  are 
in  the  same  range  of  approximately  $150.00  to  $200.00. 


5.5  Beyond  this  point  there  are  certain  features  or  require- 

ments where  each  manufacturer  differs  from  the  other. 


5.6  The  features  involved  are, 

(a)  Accuracy  of  setting; 

Autogard  is  ± 10%  (this  percentage  might  improve 

after  break-in) 

Rite-Torq  - ± 5% 

Form  Gard  - ± 5% 

(b)  Method  of  maintaining  setting; 

Autogard  - set  screw 
Rite-Torq  - locking  ring  tab 

Form  Gard  - set  screw  over  plastic  plug 

(c)  Totally  enclosed  standard  unit: 

Autogard  - No  (could  be  enclosed  if  needed) 

Rite-Torq  - Yes 

Form  Gard  - Yes 

(d)  Maintenance; 

Autogard  - clean  and  lubricate  (scheduled  maintenance) 
Rite-Torq  - none 
Form  Gard  - none 

(e)  Capable  of  withstanding  frequent  overload,  using  a 
motor  cutoff  switch  at  1800  RPM: 

Autogard  - Yes,  but  questionable,  reference  para.  4.6.7 

Rite-Torq  - Yes  (tested),  reference  para,  4.7.3 

Form  Gard  - Yes,  although  word  of  caution  is  advised, 
reference  Fig,  #10 


It  appears  that  Ferguson,  Rite-Torq,  backed  by  their  own 
testing  information,  are  more  sure  of  their  overload 
wear  capabilities.  Although  it  is  possible  that  both 
Autogard  and  Form  Gard  are  more  cautious  in  making  a 
direct  statement  along  these  lines,  it  is  apparent  that 
both  makes  use  a ball  location  pattern  to  alleviate 
wear  in  this  area. 

Based  on  the  above  information,  Ferguson,  Rite-Torq 
Torque  Limiter  Model  "S"  Size  2 was  selected  for  application 
in  the  drive  system. 


Kornylak  Corporation  drawing  (2-1026-321F  Rev.  - Sht, 

1 of  1)  of  the  torque  limiter  assembly,  shows  the  above 
unit  attached  to  a rigid  type  reducer  shaft  adaptor  per 
drawing  2-1026-335F.  This  adaptor  should  be  replaced 
with  a flexible  coupling  to  allow  for  shaft  misalignment. 
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Electrical  Overload  Device  Selection 

With  the  conveyor  system  mechanically  protected  to 
within  140  to  150%  of  rated  full  load,  a supplementary 
electrical  overload  control,  capable  of  being  set  to 
within  110  to  115%  of  full  load  is  required. 

Furthermore,  the  type  of  monitoring  device  selected 
should  be  reliable,  easy  to  set  and  adjust,  economical 
and  above  all  failsafe  in  operation. 

Past  electrical  and/or  electronic  type  overload 
protection  has  been  provided  by  several  different  devices, 
ranging  from  a highly  sophisticated  Tipptronic  Control 
to  a current  sensing  relay  used  in  conjunction  with  a 
timing  relay  for  bypassing  the  initial  surge  of  current 
to  start  the  motor. 

The  main  drawback  to  the  Tipptronic  unit  was  trouble 
shooting  and  maintenance,  due  to  its  complexity.  The 
more  common  type  of  relay,  Allen-Bradley  Bui.  809, 
provides  a simple  and  rather  inexpensive  ov-irload  device, 
however,  they  are  less  accurate  in  both  setting  and 
repeatability.  The  list  price  for  the  relay  and  time 
delay  is  $120.00. 

Newer  approaches  to  power  monitoring  to  be  reviewed 
and  compared  are,  Formsprag’s  TorQalert  and  a motor  and 
load  torque  analyzer,  manufactured  by  RFD  Instrument 
Company  in  Elgin,  Texas. 


6.6  The  TorQalert  unit  (reference  Bulletin  X-3012A)  is  a 

solid  state  device  which  integrates  the  motor  input 
voltage  and  current  to  monitor  the  motor  output  power 
which  is  directly  related  to  torque.  The  unit  is  easy 
and  simple  to  adjust  with  a meter  readout  and  also  has 
a built-in  time  delay  for  motor  startup.  The  price 
of  this  unit  is  approximately  $230.00  per  unit. 


6,1  The  motor  and  load  torque  analyzer  by  RFD  Instrument 

Company  (reference  Bulletin  RFD2002)  detects  an  overload 
condition  by  the  slip  characteristics  of  the  motor  with 
a transducer  in  close  proximity  to  the  motor  shaft. 

This  method  is  entirely  independent  of  voltage  and 
horsepower.  The  unit  is  also  solid  state  with  a meter 
readout.  The  accuracy  of  this  unit  is  ± 1%  of  relative 
set  value.  The  list  price  is  in  the  neighborhood  of 
$600.00  per  unit. 


6.8 


The  motor  to  be  monitored  is  a 3 speed  constant  torque 
440V,  3 PH,  60  HZ  design  B motor.  The  horsepower,  speed 
and  full  load  amp  ratings  are  listed  below. 


H.P. 

10.0,  6.6,  5.0 
7.5,  5.0,  3.75 

5.0,  3.3,  2.5 

3.0,  2.0, 


SPEED 

1800,  1200,  900 
1800,  1200,  900 
1800,  1200,  900 
900 


F.L.A. 

15.4,  10.6,  15.0 

11.5,  8.0,  11.0 
7.3,  5.0,  7.0 
5.0,  3.2,  5.0 


1.5 


1800, 


1200, 


6.9  Normally  a 3-speed  motor  would  require  (3)  separate 

overload  controls,  however,  note  that  the  full  load 
amp  rating  for  each  motor  is  nearly  the  same  for  either 
1800  or  900  RPM.  With  this  in  mind,  one  trip  setting 
could  be  selected  for  the  two  amp  ratings  that  would 
satisfy  both  speeds  within  the  110  to  115%  overload 
range.  For  example,  a setting  of  17.1  amps  on  the  10 
H.P.  motor  would  be  a 111%  overload  setting  @ high 
speed  and  114%  @ low  speed.  Under  this  condition,  only 
two  TorQalert  units  are  required  per  controller. 


7.0  Although  the  RPD  unit  is  highly  more  accurate,  it  is 

our  opinion  that  the  TorQalert  unit  with  ± 5%  accuracy 
is  suitable  for  this  application.  Not  only  is  it  more 
pratical,  it  also  offers  simplicity  both  in  selection 
of  setting  as  well  as  installation. 


BULLETIN  Xt3012-A 
OCTOBER,  1975 

INSTALLATION 

AND 

MAINTENANCE 
INSTRUCTIONS 
FOR  OD  MODELS 


the  professionals  in  motion 


LOAD  MONITOR  overload  protection 


BEFORE  YOU  BEGIN  INSTALLATION  . . . 

Keep  in  mind  the  block  diagram  below.  The  TorQalert 
has  two  electrical  circuits  associated  with  it:  The 
power  circuit  and  the  control  circuit. 

The  power  ciicuit  is  the  input  to  the  TorQalert  and 
must  be  wired  as  described  in  section  A of  the  fol- 
lowing pages. 

The  control  circuit  is  the  output  of  the  TorQalert  and 
utilizes  the  output  contacts  of  the  relay.  The  control 
circuits  described  in  section  B of  this  manual  are 
only  uses  for  the  output  contacts  of  the  relay.  Qther 
uses  of  the  TorQalert  output  contacts  are  limited  only 
by  the  imagination. 


TABLE  A 


BLOCK  DIAGRAM 


SECTION  A - THE  POWER  CIRCUIT 

1.  Mount  the  unit  in  a location  that  is  easily  acces- 
sible to  the  wiring  of  the  motor  to  be  monitored, 
(electrical  control  box,  if  possible). 

2.  Choose  the  system  from  figures  B or  D that  is 
your  application.  Figure  B is  a direct  on  line  wiling 
diagram  corresponding  to  a one  direction  motor. 
Figure  D is  a two  direction  wiring  diagram  employ- 
ing reversing  starters. 

3.  Consult  the  maximum  continuous  current  column 
of  table  A.  If  the  continuous  current  rating  of  the 
motor  falls  into  this  range,  connect  Phase  I to  the 
appropriate  terminals  found  in  table  A.  If  the  con- 
tinuous curient  rating  is  higher  than  this  range,  ob- 

m a current  transformer  (2VA  min)  with  a icduction 
io  that  will  reduce  the  current  to  this  range.  Install 
.lie  current  transformer  as  shown  in  fig.  C and  con- 
nect its  leads  to  the  corresponding  terminals  found 
in  table  A. 


CONNECTIONS  TO  TERMINALS  5-6-7 

TERMINALS 

MINIMUM  RATED 
CURRENT  OF 
MOTOR  (A) 

MAXIMUM 

Continuous 

current  (A) 

5;  7; 

2.0 

4.6 

6;  7; 

3.0 

6.0 

5:  6; 

5.0 

7.5 

4.  to  complete  the  power  circuit,  connect  Phases  II 
and  III  to  terminals  4 and  3 respectively.  AZOTE,  that 
in  the  reversing  starters  diagram,  terminals  3 and  4 
are  connected  on  opposite  sides  of  the  starters. 


DO  NOT  ATTEMPT  TO  TEST  THE  UNIT 
UNTIL  YOU  HAVE  READ  SECTIONS  B & C 
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SECTION  B - CONTROL  CIRCUITS 


1 2 3 4 5 6 7 8 9 10  11  12 


SPARE 

TERMINALS 


POWER  CIRCUIT 
INPUTS 


CONTROL  CIRCUIT 
OUTPUTS 


FIG.  E 


CONTACTS  SHOWN  IN  SIGNAL  STATE 


— 

T ~r  1 

L 

L 

1 2 3 4 5 6 7 8 9 10  11  12 

FIG.  F 


CONTACTS  SHOWN  IN  MONITORING  STATE 


Examination  of  the  TorQalert  terminal  strip  in  Figures 
E,  F and  G,  reveals  that  terminals  8 through  12  are 
the  output  contacts  of  the  relay.  It  is  important  to  dis- 
tinguish when  the  output  contact  states  occur. 

In  Figure  G,  the  output  contacts  are  shown  in  the 
TorQalert  monitoring  state,  — when  the  unit  is  sens- 
ing the  power  to  the  motor.  The  relay  is  energized. 

When  the  TorQalert  senses  an  overload  of  power  to 
the  motor,  the  relay  is  de-energized  and  the  contacts 
switch  to  the  signal  state  (figure  F)  with  the  contact 
signal  state  shown  in  figure  F,  any  number  of  con- 
trol circuits  can  be  designed  to  fit  the  particular 
application. 

To  aid  the  installer  with  his  design,  the  next  few 
pages  contain  examples  of  control  circuits.  Qnce  the 
control  and  power  circuits  are  installed  on  the  Tor- 
Qalert, it  must  be  calibrated  as  described  in  Sec- 
tion C. 


EXAMPLE  1 - DIRECT  ON  LINE 


PURPOSE: 

To  shut  down  the  motor  being  monitored  if  any  over- 
load of  power  occurs. 

DESCRIPTION;  Refer  also  to  Figure  B. 

Momentary  depression  of  the  start  button  energizes 
starter  1M,  closing  its  three  phase  contacts  in  the 
power  circuit,  and  the  holding  contact  in  the  control 
circuit.  Since,  the  TorQalert  is  connected  after  the 
starter  contacts,  the  relay  is  energized  and  its  output 
contact  (term  8 and  10)  in  the  control  circuit  close. 
The  motor  starter,  1M,  is  held  through  the  path  con- 
taining the  TorQalert  in  the  control  circuit.  An  in- 
crease in  motor  power  from  the  preset  value  (Section 
C)  is  detected  by  the  TorQalert  in  the  power  circuit 
and  the  relay  is  de-energized,  opening  the  output 
contact  (term  8 and  10).  This  results  in  de-energizing 
the  motor  starter  and  the  motor  is  shut  jJown. 


*NOTE  — Control  voltage  is  defined  as  the  voltage 
that  is  used  to  energize  the  coils  of  starters,  relays, 
timers,  etc. 


EXAMPLE  2 - DIRECT  ON  LINE  WITH  FAULT  SIGNAL 


PURPOSE: 

To  shut  down  the  motor  being  monitored  and  trigger 
an  alarm  when  an  overload  occurs. 

DESCRIPTION:  Refer  also  to  Figure  B. 

The  first  half  of  this  control  circuit  is  essentially  the 
same  as  the  direct  on  line  of  example  1.  Momentary 
depression  of  the  start  button  applies  the  control 
voltage  across  the  motor  starter  (1M)  closing  the 
three  phase  contacts  of  the  power  circuit.  As  this 
occurs,  the  motor  starts  and  the  relay  of  the  TorQalert 
is  energized,  closing  the  contacts  across  terminals 

8 and  10,  9 and  11  and  opening  the  contacts  across 

9 and  12.  The  closing  of  the  contact  across  terminals 
9 and  11,  energizes  an  external  control  relay,  ICR, 
(supplied  by  installer),  switching  its  contacts  to  op- 
posite states  than  those  pictured  in  the  control  cir- 
cuit. The  motor  starter  is  now  kept  energized  by  the 
path  through  terminals  8 and  10  of  the  TorQalert  and 
its  holding  contact.  When  an  overload  from  the  preset 
value  (Section  C)  occurs,  the  TorQalert  relay  is  de- 
energized, changing  the  contacts  to  their  original 
states  shown  in  the  control  circuit  diagram.  The 
motor  starter  drops  out  and  the  motor  is  shut  down. 
Since  the  external  control  relay,  1 CR,  is  still  ener- 
gized, its  contact  completes  the  circuit  to  the  alarm 
and  the  alarm  sounds. 

Pressing  the  stop-reset  button  breaks  the  circuit  to 
the  control  relay,  ICR.  and  resets  the  control  circuit 
to  the  original  pictured  state. 


EXAMPLE  3 - REVERSING  STARTERS 


PURPOSE: 

To  shut  down  a two  directional  Motor  when  an  over- 
load. 

DESCRIPTION:  Refer  also  to  Figure  D. 

The  operation  of  this  control  circuit  is  basically  two 
direct  on  line  circuits  (example  1).  Since  the  start 
forward  and  start  reverse  cycles  are  identical,  ex- 
planation of  one  cycle  also  describes  the  other. 

Momentary  depression  of  the  start  reverse  button, 
energizes  starter  2M,  closing  its  three  phase  con- 
tacts in  the  power  circuit  and  switching  the  two  con- 
tacts to  opposite  states  than  those  pictured  in  the 
control  circuit.  The  motor  runs  in  the  reverse  direc- 
tion and  the  TorQalert  contacts  across  terminals  8 
and  10  close,  providing  a holding  circuit  to  starter 
2M.  Note  that  the  start  forward  cycle  is  prevented 
when  the  reverse  cycle  is  operating,  by  the  now 
open  2M  contacts  adjacent  to  starter  1M.  This  same 
operation  applies  also  to  the  start  forward  cycle. 

When  an  overload  from  the  preset  value  (Section  C) 
in  the  motor  occurs,  the  relay  in  the  TorQalert  is  de- 
energized. opening  the  contacts  across  terminals  8 
and  10.  This  breaks  the  holding  circuit  to  the  appro- 
priate starter  and  the  motor  is  shut  down. 
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CALIBRATION  PURPOSE: 

To  match  the  TorQalert  to  the  motor.  This  should  be 
done  on  the  first  operation  only. 

LOAD  ADJUSTMENT  PURPOSE: 

To  set  the  TorQalert  at  the  motor’s  normal  working 
conditions  as  near  to  100%  as  desired,  such  that  an 
increase  in  working  load  de-energizes  the  TorQalert 
relay. 

1.  Set  the  load  adj.  control  maximum  clockwise. 

2.  Set  the  calibration  controi  maximum  counter- 
clockwise. 

3.  Start  the  motor  without  load.  The  meter  reading  . 
should  be  between  40%  to  60%. 

4.  Gradually  turn  the  calibration  control  clockwise 
and  note  that  the  meter  reading  decreases  to  a 
minimum  and  then  starts  to  increase.  (If  the 
reading  does  not  decrease,  interchange  the 
connections  between  terminals  3 and  4 m the 
power  circuit.) 

5.  Set  the  calibration  control  to  a minimum  reading 
on  the  meter. 

6.  Start  the  motor  at  normal  load  and  turn  the  load 
adj.  control  slowly  counterclockwise  until  the 
meter  reading  reaches  100%.  The  TorQalert  re- 
lay should  de-energize  (Signal  State). 

7.  Turn  the  load  adj.  control  clockwise  so  that  the 
meter  reading  is  as  close  to  100%  as  desired.* 

‘The  TorQalert  relay  is  calibrated  to  operate  when 
the  meter  reaches  100%.  A setting  too  close  may  b‘' 
pushed  past  the  100%  mark  by  uncontrollable  Hue 
ations  in  the  voltage  supplied  to  the  motor.  The  ma^ 
mum  stable  meter  reading  can  only  be  iound  by  trial 
and  error. 

In  some  applications,  it  may  be  desired  that  the 
motor  tolerate  a percentage  of  overload.  To  do  this, 
the  load  adjustment  control  should  be  set  at  a lower 
level.  The  lower  the  setting,  the  greater  the  load  in- 
crease required  to  de-energize  the  TorQalert  relay. 
For  example,  if  it  is  desired  that  the  motor  tolerate  a 
20%  overload,  the  motor  should  bo  set  at  80% . 


P.O.  BOX  778,  26444  GROESBECK  HWY. 
WARREN,  MICHIGAN  48089 
TELEPHONE  (313)  758  5000.  TELEX  230-389 


CANADIAN  SALES:  17  VALOIS  BAY  AVENUE 
PT.  CLAIRE,  P.O.  H9R  4B4  CANADA 
(514)  695-7620 
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INSTRUMENT  CO..  INC. 


404  NORTH  MAIN  • P.  O.  BOX  548  • ELGIN.  TEXAS  78621  • U.S.A. 


GENERAL: 


"PERCENTAGE  OF  LOAD" 

MOTOR  & LOAD  TORQUE  ANALYZER 
SERIES  PCM2002 

FEATURES : 

.Two  separate  inhibit  alarm  functions 
with  locking  adjustment 

.Readout  in  direct  percentage  of  load 

.0  to  +70°C  Ambient  temperature 

.Field  calibration  and  alignment 

.Automatic  lockout/manual  reset 

.Integrated  circuit  solid  state  logic 

.Adapts  to  most  motors  and  rotary  loads 


The  PCM2002  is  a universal  motor  monitor  and  control  that  can  be  used  on 
single  or  multiple  phase  motors,  it  monitors  both  motor  and  load  indepen- 
dent of  voltage,  horsepower,  and  shaft  size.  It  detects  the  slip  charac- 
teristics of  the  motor  with  a solid  state  transducer  in  close  proximity 
to  the  rotating  shaft.  No  physical  contact,  special  gears  or  collars  are 
needed . 


The  all  solid  state  integrated  circuit  PCM2002  is  designed  for  the  ulti- 
mate in  reliability.  The  solid  state  pickup  and  shaper  provides  a noise 
free  signal  in  most  applications.  The  motor  current  equivalent  is  dig- 
itally compensated  and  displayed  on  a 4 inch  meter.  An  adjustable  warn- 
ing light  or  horn,  also  a separate  adjustable  alarm  output  for  automatic 
motor  shut  down  is  provided  if  the  percentage  of  load  exceeds  a preset 
value. 


MODEL  OPTIONS: 

PCM-2002...  Basic  unit  with  two  dry  contact  relays  to  monitor  or  control 
a specific  motor  or  work  task. 

PCM-2002A. . Basic  unit  as  the  PCM2002  with  an  additional  4-20MA  two  wire 
transmitter  into  600  ohm. 

PCM-2002B..  Basic  unit  as  the  PCM2002,  but  contains  a digital  readout 
and  BCD  coded  output. 


PCM-2002C.. 


Basic  unit  as  the  PCM-2002,  but  enclosed  in  a Class  1 
2 explosion  proof  enclosure,  glass  door  and  Class  1, 
armor  probe. 
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PCM2002D..  Basic  unit  as  the  PCM2002  with  a digital  steering  and  control 
logic  to  detect  changes  in  torque,  make  a set  count  and  stop 
device  for  another  set  period  of  time. 

ENGINEERING  SPECIFICATIONS: 

Power  Input 120  VAC,  5 watts,  50/60  Hz  (18  to  30  VDC  unregulated 

3 watts,  special  order) . 

Accuracy +.0025%  of  Pull  load  RPM. 

Motor  Speeds .From  200  RPM  to  10,000  RPM. 

Transducer Hermetrically  sealed  Brass/Aluminum  head,  with  cable 

enclosed  in  stainless  steel  armored  cable  and  weather 
proof  connector. 

Circuitry Solid  state  digital  logic  with  optional  relay  or  solid 

state  output  control. 

Range 0 to  120%  Horsepov/er,  other  ranges  available. 

Inhibit  Function  I... 10  to  90%  Horsepower  optional  100%  scale  available, 

dry,  10  amp,  @600  volt  relay  contacts  (optional  solid 
state  output  available  at  extra  cost) . 

Inhibit  Function  II.. 90  to  120%  horsepower  optional  100%  scale  available, 

dry,  10  amp,  @600  volt  relay  contacts  (optional  solid 
state  output  available  at  extra  cost) . 

Start Built  in  variable  time  delay  from  initial  start  to 

’ allow  motor  to  equilabrate.  (Please  specify  when 
ordering) . 

Reset Manual  reset  and  override  located  on  front  panel. 

Readout Special  4 inch  jeweled  anti- vibration  type  meter. 

Alignment Front  panel  adjustable  zero,  field  calibration. 

Protection Lightning/Transient  protected . 

Ambient  Temperature .. 0 to  70°C.  Optional  -20  to  85°C. 

Enclosure 14  Gauge  steel  nema  4,  water,  dust  and  splash  proof. 

Size 6"x9”x3?5''  with  enclosure.  5”x6”x3"  Electronics  Module 


DIMENSIONS 


8.750”- 


NOTE:  Specifications  subject  to  change  without  notice. 

RFD  Instrument  Co. , Inc.  guarantees  the  PCM2002  Motor  Control  Monitor  to 
be  free  from  defects  in  material  and  workmanship  for  a period  of  one  year 
from  date  of  purchase. 


RFD  P/N  0036-00J-0001 
MOTOR  SLIP  VERSES  CURRENT  CHARACTERISTIC 

APPLICATION  NOTE: 

In  practical  motor  overload  detection  the  current  parameter  is 
usually  utilized  as  an  indication  of  load  conditions.  However;  due 
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to  ambient  temperature  variations,  difficult  'field  installation  and 
set  up  the  current  method  is  sometimes  not  adaptable  and  willnot 
satisfy  some  applications. 

The  slip  parameter  of  a motor  can  be  utilized  to  obtain  more  in- 
formation than  that  available  from  the  current  parameter,  as  shown 
from  the  following  excerpt  and  curve. 

^"The  relationships  between  power  function,  efficiency,  and 
current  at  various  partial  loads  of  a typical  design  B 10- 
Hp  motor  are  shown  in  fig.  2-7...  The  percent  of  full  load 
slip  curve  in  fig.  2-7  is  a straight  line  between  10  and 
110  percent,  indicating  that  slip  speed  is  directly  propor- 
tional to  the  horsepower  load  in  this  range.  This  rela- 
tionship provides  an  accurate  means  of  estimating  loads 
carried  by  squirrel-cage  induction  motors  in  integral-horse- 
power  sizes...  A squirrel-cage  induction  motor  no  load 
speed  is  slightly  less  than  synchronous  speed.  In  the  exam- 
ple in  fig.  2-7,  the  no-load  slip  is  approximately  1 rpm, 
which  is  equivalent  to  1,799  rpm  no-load  speed...  Between 
zero  load  and  100  percent  load,  motor  speed  changes  only  3 
percent  in  the  Nema  B motor  as  illustrated  in  fig.  2-7. 

The  motor  horsepower  and  motor  torque  are  therefore  in  a 
direct  relationship. . . ” . 

By  monitoring  the  motor  slip  and  utilizing  the  information  de- 
rived, a reliable  parameter  is  available  for  monitor  and  control. 


APPLICATIONS  PRETAINING  TO  MONITOR  OF  MOTOR  SLIP: 


I : To  protect  high  ratio  gear  reducers  and  spur  gears. 

I : To  monitor  and  control  pumping  slurrys  or  corrosive  materials. 

I ; To  monitor  and  control  centrifugal  blowers. 

I : To  monitor  and  control  for  direct  computer  interface  with 
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analog  or  digital  readout  of  most  motor  types  and  loads  used 
today . 


1 

■"From  Motor  Selection  and  Application,"  by  Charles  C.  Libby, 
Copyright  1960,  used  with  permission  of  McGraw-Hill  Book  Company. 


n 

4a 


Per  cent  efficiency  and 
per  cent  of  full  load  curr< 


Fig.  2-7.  Performance  curves  of  typical  10-hp  1,800-rpm  Design  B squirrel- 
cage  inducticxi  motors,  rated  voltage  and  frequency  af^lied. 
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Range  of  loads  in  which 
rpm  slip  is  proportioned, 
to  load 


Range  of  loads 
' in  which  current 
' is  proportion£d 
K — to  load""  ■■■■ 


at  110%  load 


at  100%  load 


at  70%  loM 


9.6 
at  no 
load 


"0  10  20 


40  €0  70  80 

Per  cent  hp  load 
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10.0 
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^"Fron  Motor  Selection  and  Application,"  by  Charles  C.  Libby,  Copyright  1960, 
used  with  permission  of  McGraw-Hill  Boc^  Conpany. 


Applications:  . 

Municipal  Sewage  and  Water  Treatment  Plants: 

1.  Utilized  on  clarifier  drives  to  monitor  the  motor  and  gear 
reducer,  allowing  the  operator  to  detect  less  than  a 100  lb. 
load  and  stop  a triple  20,000:1  gear  reducer  before  any  phy- 
sical breakage  or  malfunction  can  occur. 

2.  Utilized  in  conjunction  with  an  RFD  TCM4001  temperature  in- 
dicator to  monitor  the  motor  bearing  temperatures  or  blower 
outlet  temperature  (PCM2006)  plus  monitor  the  load  and  give 
a direct  readout  in  CFM.  The  unit  also  nrovides  surge  and 
over  load  protection  and  control  for  the  complete  blower  in- 
stallation. 

3.  Used  on  thickner  drives  to  detect  stoppage  of  the  gear  drive 
assemblies  and  inhibit  operation  if  a malfunction  occurs. 

Industrial  Applications: 

1.  Bakery  industry  to  monitor  and  control  the  mixers,  using  the 
PCM-2002A  to  batch  mix  bread  dough  and  batter  to  a set  consis- 
tency or  viscosity. 

2.  Pulp  industry  monitor  and  control  slurry  pumps  along  with  the 
temperature  parameter  of  the  bearings  for  proper  operation. 

3.  Petroleum  industry  to  monitor  and  control  oil  well  heads  uti- 
lizing the  PCM-2002D  as  a pump  off  controller. 

4.  Utilized  by  OEM  motor  manufacturers  as  an  in-house  test  set 
for  the  monitoring  and  checkout  of  new  induction  motors.  By 
applying  the  PCM-2002B  to  a checkout  stand,  the  manufacture 
has  a coded  BCD  output  tr  oe  interfaced  directly  to  his  com- 
putor. 

5.  Rendering  works  inuustry  to  monitor  and  control  the  consis- 
tency of  the  cooked  meat  as  it  is  transferred  through  the 
rotary  cooking  ovens. 

The  applications  noted  are  but  a few  possible  applications  of  this 
device,  they  are  not  limited  to  just  induction  motors.  Wherever 
there  is  a job  to  be  done  and  rotary  work  over  1000  RPM  is  doing 
the  initial  work,  whether  it  be  on  a diesel  engine  on  board  ship 
or  on  a generator  at  a power  plant,  (synchronous  motors  and  con- 
ditions not  applicable),  if  a slip  of  at  least  .5%  is  discernable, 
we  can  apply  this  device  and  accomplish  the  task  of  monitoring  and 
controlling  its  load. 

How  to  Calculate  Motor  Slip: 

Motor  or  work  slippage  is  the  difference  in  turns  at  no  load  and 
the  turns  at  full  load.  Example:  If  a motor  has  a nameplate 

full  load  rating  of  1750  RPM,  then  the  synchronous  speed  or  no 
load  speed  for  practical  purposes  would  be  1 RPM  less  than  1800 
or  1799  RPM. 

1799  no  load 
-1750  full  load 
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49  RPM  slip  from  0 to  100% 


Percentages  of  slip  can  be  said  that  it  is  the  slip  divided  by 
the  no  load  speed.  no-70  o top. 


1799  RPM 


.0272  or  2.72% 
RPM 


To  calculate  the  times  involved,  first  take  1799  and  divide  by  60 
to  put  the  factor  in  revolutions  per  second. 

29.98333333 
60  /l799 


Then  to  time 


Then  find 


29.98333333 


.0333518621  sec,  or  33.352  milli-sec. 

1.00000 


29.16666667 

1750 


Then  to  time 


Take; 


29.16666667 


.0342857142  sec,  or  34.286  milli-sec. 

1.000000 


34.286  milli-sec.  Full  load  speed 
-33.352  milli-sec.  No  load  speed 

.934  milli-sec.  or  934  micro-seconds  difference 
between  0 and  100%  load  on  this  particular  motor.  On 
a 75  to  125%  scale,  this  puts  467  micro-seconds  as  the 
standard  slip  in  time.  Because  the  slip  is  linear,  we 
can  shift  it  from  5 to  120%.  The  motor  will  then  change 
from  34.0525  milli-seconds  to  34.519  milli-seconds  from 
75  to  125%  of  load 


To  find  the  "A”  time,  proceed  as  follows; 

233.5  micro-seconds 
micro-seconds 

100%  time  of  34.286  milli-seconds  or  time  "B" 


34.286  100%  time  "B" 

+ .2335  50%  of  time  difference  derived  at  calculation 

above 

34.5195  milli-seconds  time  "A” 

34.286  100%  time  "B” 

- .2335 


34.0525  milli-seconds  time  "C” 


RFD  P/N  0011-001-0001 

PCM2002  INSTALLATION  AND  OPERATION  INSTRUCTIONS 


Unpack  the  PCM2002  and  transducer  assembly.  Inspect  for  any  shipping 
damages.  The  shaft  or  coupling  to  be  monitored  must  be  a ferrous  ma- 
terial for  proper  operation.  The  PCII2002  transducer  detects  a void 
or  difference  in  ferrous  material  and  this  produces  a resultant  signal 
that  is  measured  against  an  internal  standard. 


1.  Utilizing  the  universal  bracket  that  is  furnished  with  the  PCM2002 

mount  the  transducer  assembly  in  a close  proximity  to  the  rotating 
shaft.  (NOTE:  The  transducer  will  mount  in  any  position  and  is 

impunitive  to  oil,  dirt,  and  water  ). 

2.  Reference  Figure  1,  utilizing  the  feeler  gauge  supplied  with  the 
PC1I2002,  adjust  the  transducer  as  shown  in  figure  1. 


Motor  as  you  are  installing  it  on.  This  is  a factory  setup  and 
should  not  be  attempted  in  the  field  because  of  proper  test  facil- 
ities. 

4.  Mount  the  PCM2002  securely  to  a solid  structure  and  connect  as  shown 


v.' 


ri] 


ACC 


< 


MOTOR  STARTER 
■7^  I20VAC 

Ar  u ^ 


ACH 


,GRC_ 


Disconnect  motor  starter  at  point  A and  reconnect  as  shown  for 
control  operation. 
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5.  Unlock  the  front  panel  screw  driver  lock  nuts  and  preset  the  warn- 
ing and  alarm  adjustments  to  a full  CW  position. 

6.  Apply  power  to  motor  from  HOA  or  circuit  breaker,  turn  on  PCM2002 

(NOTE:  there  is  a 20  second  delay  before  the  control  circuit  is 

activated) . 

7.  With  a clamp  on  type  ammeter  or  equivalent  attach  pickup  on  one  of 
the  AC  leads  going  to  the  motor. 

8.  With  the  motor  connected  to  the  load,  apply  power  and  observe  the 
ammeter  reading.  (NOTE:  lock  ammeter  reading  or  jot  reading  down) 
also  with  a voltmeter  measure  the  applied  voltage  across  the  motor. 

9.  Shut  off  motor  and  examine  the  motor  identification  plate,  Note 
the  voltage  verses  current  as  applied  to  your  particular  installa- 
tion, Example: 

Voltage  Amps  RPM 

115/230  6. 4/3. 2 1750 

NEMA  TYPE  B 

10.  Calculate  the  100%  load  figure  as  follows  from  the  motor  identi- 
fication plate. 

Voltage  X Amps=Power  in  watts 

11.  Calculate  the  actual  motor  load,  using  the  measured  voltage  as 

applied  (En)  and  using  the  current  reading  (I  ) derived  in  step 
7,  multiply  as  in  step  10.  ^ 

Voltage  X Amps=Power  in  watts 

12.  To  derive  the  correct  setting  of  the  meter  zero  R-8  on  the  PCM2002, 

calculate  as  follows:  Divide  the  motor  plate  power  into  the  measured 

power  figure. 

PI  J P2 

13.  Start  the  motor  and  turn  on  the  PCM2002,  with  the  motor  running 
adjust  the  front,  panel  adjustment  R-8  for  the  proper  percentages 
of  load  as  derived  in  step  12.  The  other  adjustments  should  not 
be  attempted  unless  the  proper  test  instrumentation  is  available. 
Reference  the  PCM2002,  alignment  and  maintenance  manual. 

14.  Using  information  derived  in  step  9 through  12,  calculate  the  warn- 
ing and  alarm  set  point  and  adjust  for  desired  warning  and  alarm 
condition. 


How  to  calculate  horsepower  load  on  the  Gear  Reducer  Drive  Motor. 

HP=  Torque  load  (inch  lbs.)  x RPM  (Motor) 

63,C25 

OR 

HP=  Torque  load  (foot  lbs.)  x RPM  (Motor) 

5252.0833 

Efficiency=  Hp  out/Hp  in  / 

Required  input  torque*  Torque  out  / 

Ratio  / Eff. 

Utilizing  the  75  to  125%  or  the  20  to  120%  of  load  scale,  the 
slip  is  linear  with  horsepower. 

EXAMPLE:  He  have  a 1725  rpm  full  load  .5  Hp  motor  driving  a 

20,000:1  gear  reducer,  on  a 50  ft.  diameter  clarifier, 
with  an  average  of  7 lb.  per  ft.  of  sludge  load,  with 
an  overall  efficiency  of  60%.  The  PCM2002  has  a 75 
to  125%  of  load  scale.  What  percentage  of  load  change 
will  be  observed  on  the  meter  with  a 1 lb.  per  foot 
build  up  of  sludge  on  the  scraper  arm? 

First  we  know  slip  is  linear  with  horsepower  so  75  to  125%  of 
scale  is  50%  of  the  total  horsepower  on  the  motor.  Each  divi* 
Sion  is  equal  to  .005  horsepower  per  division  or  .0025  horse*> 
power  per  percent  of  scale.  (.5  Hp  <f  2 * .25  Hp  per  50  divi» 
sions  or  each  division  equal  to  .005  Hp  at  the  motor  shaft). 

Next  we  must  calculate  the  loading  on  the  clarifier  output  drive. 

Hp  of  output  scraper  drive* 

Torque  load  (inch  lbs.)  x RPM  {output  Drive) 

63.025 

OR 

Hp  of  output  scraper  drive* 

Torque  load  (ft.  lbs.)  x RPM  (output  Drive) 

5252.0833 

With  a 20,000:1  reducer  on  a 50  ft.  diameter  clarifier  and  a 
nominal  7 lb.  per  foot  load  of  sludge.  (3  x D^  x 7)*  Torque 
required  3 x (50)^  x 7*  52500  inch  lbs.  of  torque  at  the  scraper 
proper . 

Next  we  calculate  total  Hp  at  the  motor  shaft  with  a 60%  effi~ 
ciency  (1725  RPM  ♦ 20,000*  .0875  RPM). 

Hp*  52500  X .0875*  .0728  Hp 

xl.666 

.12  Hp 

(60%  eff.*  factor  1.666) 
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We  can  say  that  at  7 lb.  of  sludge  on  a 50  ft.  diameter  clar‘- 
fier  tank,  operated  by  a 20,000:1  gear  reducer  with  an  effi- 
ciency of  60%  and  1725  RPM  motor  the  required  input  horsepower 
will  be  .12  Hp,  we  will  align  this  on  the  PCM2002  at  the  i00% 
point  with  R-8. 

The  next  step  is  to  arbitrarily  select  a additional  loading 
such  as  1 lb.  per  foot  and  recalculate  the  load  for  8 lbs.  per 
foot  of  scraper  using  the  formulas  above. 

2 

3 X (50)  X 8 =60,000  inch  lbs.  of  torque  now  at  the 
scraper. 

Hp=60,000  X .0375=  .0833  Hp 
63,025  xl.666 

.1388  Hp 

.1388  Hp  with  8 lbs.  per  foot  on  scraper 
-. 1200  Hp  with  7 lbs.  per  foot  on  scraper 

.0188  Hp  increase  with  1 ft.  of  sludge  on  the  scraper 

We  then  calculate  the  percent  of  increase  in  horsepower  loading 
.0188  T .5  Hp=  3.76%  increase  in  Hp  at  the  motor.  Relating 
this  to  scale  change  of  .005  Hp  per  division  the  meter  will  move 
up  scale  3,76  division,  (.0188  r .005=3.76  Div.)  or  a total 
scale  deflection  of  7.52%.  With  a normal  load  increase  of  1 lb. 
per  foot  on  the  scraper  in  a 50  ft.  clarifier  the  torque  analyzer 
will  go  up  scale  3.76  divisions  or  7.52%. 


